
US Army Corps 
of Engineers 
Construction Engineering 
Research Laboratories 

USACERL Technical Report 97/136 
September 1997 

Site Study for Proposed Landfarm 
Fort Benning, GA 
by 
Diane K. Mann 
Marilyn M. Weiss 
Scott Twait 

19971208 119 
:H3=I^Hi 

Soil contaminated with petroleum, oil, and 
lubricants (POL) is often a problem at U.S. Army 
installations because of underground storage 
tanks (USTs) of questionable integrity, 
equipment leaks, and spills during operations 
and training. Landfarming is a soil-treatment 
option that capitalizes on the use of bacteria, 
which are especially adept at mediating 
biodegradation of compounds common to 
petroleum fuels, as a way of cleaning the soil. 
Microbial decomposition of POL contaminants 
results in fertile, useable soil and reduces 
monitoring, maintenance, and cost of landfilling. 

Fort Benning has been exploring the feasibility of 
a landfarm as a proactive technology to assure 
preparedness for spills and leaks that 
contaminate soil with POL. Preliminary studies 
led to the selection of a prospective landfarm 
site. Detailed studies and hydrogeological 
modeling of the proposed landfarm site followed. 
This research verified the selected site's positive 
features for treating POL contaminated soil and 
explored weaknesses that designing would have 
to ameliorate. 
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Executive Summary 

Soil contaminated with petroleum, oil, and lubricants (POL) is often a 
problem at U.S. Army installations because of underground storage tanks 
(USTs) of questionable integrity, equipment leaks, and spills during 
operations and training. Landfarming is a soil-treatment option that 
capitalizes on the use of bacteria, which are especially adept at mediating 
biodegradation of compounds common to petroleum fuels, as a way of 
"cleaning" the soil. Microbial decomposition of POL contaminants results 
in fertile, useable soil and reduces monitoring, maintenance, and cost of 
landfilling. 

Fort Benning has been exploring the feasibility of a landfarm as a 
proactive technology to assure preparedness for spills and leaks that 
contaminate soil with POL. Preliminary studies led to the selection of a 
prospective landfarm site. Detailed studies and hydrogeological modeling 
of the proposed landfarm site followed. This research verified the selected 
site's positive features for treating POL contaminated soil and explored 
weaknesses that designing would have to ameliorate. 

Because the landfarm site consists of typically permeable Coastal Plain 
sediments, the concern is possible mobilization of landfarm contaminants 
by infiltrating rainwater that might reach the water table in significant 
concentrations. Even poor quality soils similar to those at Fort Benning 
have the ability to greatly reduce petroleum concentration through 
retardation and biodegradation. However, to ensure no migration of even 
small amounts of contamination during extreme weather conditions, the 
landfarm design includes levees around the site, sloping of the site to a 
catchment basin, and a geosynthetic clay liner under the five treatment 
areas and a catchment basin. Clay is present in the soil at the site and a 
clay lens may underlie the site. The site is suitable for a landfarm 
because of its distance to groundwater and the slow speed at which 
contaminants would travel in the unsaturated zone. 

Design   for   the   proposed   site   includes   five   treatment   areas   of 
approximately 1 acre each with a total assimilative capacity of 119,790 lb 
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(almost 60 tons) per year for oily wastes at a 1 percent loading rate; the 
estimated yearly average of oily contaminate soil needing treatment at 
Fort Benning is 50 tons. The total area of the landfarm site encompasses 
approximately 20 acres, providing area for retention pond, buffer strips, 
building(s), equipment storage, and maneuvering space for equipment. 

The life expectancy of landfarm is over 10 years (based on the landfarm 
established at Fort Polk in 1986 that is still operational). Design 
features, monitoring, and sound operation of the proposed Fort Benning 
Landfarm should ensure a life expectancy equal to or greater than the 
successful Fort Polk landfarm. 
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1   Introduction 

Background 

Fort Benning is located approximately 12.87 km (8 mi) south of the city of 
Columbus in the west-central part of Georgia with part of the reservation 
located across the Chattahoochee River which forms the Georgia-Alabama 
border. The military reservation is comprised of 181,835 acres; 169,679 acres 
are in Georgia in the counties of Chattahoochee and Muscogee and 12,156 acres 
are in Alabama in Russell county. Located on the northern edge of the Atlantic 
Coastal Plain, the predominantly rolling pine-covered surfaces are highest in the 
east, up 740 ft above sea level, and lowest in the southwest, about 190 ft above 
sea level along the Chattahoochee River. 

Fort Benning has been exploring the feasibility of a landfarm as a proactive 
technology to assure preparedness for spills and leaks that contaminate soil 
with POL. Preliminary studies led to the selection of a prospective landfarm 
site. The proposed landfarm site, previously used as an Apari heliport, is 
southwest of the intersection of Jamestown Road and Eighth Division Road in 
the Harps Creek local drainage system (Figure 1). Further, more detailed 
studies and hydrogeological modeling of the proposed landfarm site were 
required. 

Objectives 

This objective of this research was to verify the selected site's positive features 
for treating POL contaminated soil and to identify and explore weaknesses that 
would have to be ameliorated through design. 

Approach 

1. A hydrologic assessment of the Fort Benning site was done. 

2. A groundwater flow  assessment was  done  via  2-dimensional  modeling 

software. 
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3. Subsurface   sampling   was   done   to   determine   soil   composition   and 
characteristics by: 

a. taking seven soil borings 

b. converting four of the borings into monitoring wells. 

4. The flow of water and contaminates through saturated and unsaturated soil 
layers was modeled via 2-dimensional computer modeling program. 

5. Results   of the  modeling  were   analyzed   and  conclusions  were   drawn 
regarding the suitability of the Fort Benning site for a landfarm application. 
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Figure 1. Location of proposed landfarm site at Fort Benning, GA. 
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2   Master Plan 

The proposed Fort Benning landfarm is within the boundaries of the military 
installation and is the property of the U.S. government (Figure 1). Currently 
used for storage of disabled military tanks, the former heliport is relatively flat, 
sparsely vegetated, surrounded by asphalt roads, and partially covered by steel 
lattice gridwork (landing mat). 

Site Plan 

The study included the area that could be incorporated into a landfarm 
approximately 20 acres, totally enclosed by levees (Figure 2). Of the 20 acres, 
approximately 6 acres in the northwest corner are designed for impounded 
runoff. The retention pond is designed to be 5-ft deep and sized to hold the 
runoff from a maximum 24-hour storm. Useable landfarm is divided into five 
separate treatment areas, arranged in order so that furrows would run 
perpendicular to the predominant slope (at a 2 to 3 percent grade). Each 
treatment area is about 300 X 150 ft (approximately 1 acre). A 300 X 30-ft 
grassy buffer strip between each treatment area is part of the design to further 
inhibit runoff. Total treatment area of 5 acres has an assimilative capacity of 
119,790 lb (nearly 60 tons) per year for oily wastes at a 1 percent loading rate. 
The estimated yearly average of oily contaminated soil needing treatment is 50 
tons. Some sludge will probably be mixed in with the oily soil to enhance the 
biodegradation process. The yearly estimated average of sludge generated at 
Fort Benning is 1,260,000 gal, but the amount incorporated into landfarm would 
depend on the amount of soil being treated and the proportion required for ideal 
treatment. Supporting calculations may be found in Appendix A. Minor 
amounts of treated sewage sludge would also be applied. 

The proposed landfarm site is within a significant recharge area (Davis et al. 
1992) and a synthetic liner would be used that matches the impermability of 3 ft 
of smectite clay as a barrier, even though the DRASTIC index (141-181) (Allen 
et al. 1987; Trent 1992) for the landfarm site is within the zone of average 
susceptibility to groundwater pollutants. The State currently regulates only 
areas of greater susceptibility. 
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Site Research Data 

Aquifers 

The RASA study (Renken et al. 1989; Miller and Renken 1988) divided the 
Coastal Plain into four major regional aquifer systems: Northern Atlantic 
Coastal Plain, Southeastern Coastal Plain, Floridian, and Gulf Coastal Plain 
aquifer systems. The landfarm site is near the northern edge of the 
Southeastern Coastal Plain aquifer system. This system stretches through parts 
of Mississippi, Alabama, Georgia, South Carolina, and the northern part of 
Florida. The RASA report analyzed the Coastal Plain formations from the 
perspective of hydraulically interconnected strata or hydrostratigraphic units 
rather than according to classical geological stratigraphic units due to their 
regional extent and poor correspondence with physical boundaries of rock- 
stratigraphic and time-stratigraphic units. The Southeastern Coastal Plain 
aquifer system was subdivided into seven regional hydrogeologic units; four 
aquifer units identified as Al through A4 are separated by three confining units, 

Cl through C3 (Appendix B). 

Units A3, C3, and A4 are most likely to exist at the study area. The A3 regional 
aquifer extends as a continuous unit from North Carolina to central Alabama 
with the updip limit of the aquifer occurring at or near the Fall Line. It includes 
Blufftown Sands through the upper part of the Eutaw Formation. The upper 
surface of the aquifer slopes gently toward the coast at a gradient of 2.84 to 3.79 
m/km (15 to 20 ft/mi). Hydraulic conductivity of the water-bearing zones within 
the A3 aquifer diminishes at depth as sandy strata of this unit grade into 
calcareous shale and chalk. Permeable parts of the aquifer thin greatly seaward; 
however, in southeast Georgia, it grades into permeable limestone that is part of 
the Floridian aquifer system. In western Georgia, the aquifer consists of shallow 
marine to nonmarine, feldspathic and locally glauconitic quartz sand and gravel 
that is, in places, interbedded with ferruginous, kaolinitic, and carbonaceous 

clay. 

The C3 confining unit consists of oxidized, nonmarine, sandy and silty clay in 
shallow-updip areas of South Carolina and northeastern Georgia, but in other 
areas grades into marginal marine and marine calcareous clay, shale, mudstone, 
marl, and chalk. In much of Georgia, the poorly permeable beds that form the 
unit are considered equivalent to the clays of the Eutaw Formation or lower part 
of Blufftown Formation.    The unit consists of chalky, micaceous, calcareous 
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carbonaceous clay that is silty and sandy locally. Minor amounts of glauconite, 
phosphate, and chlorite are present locally. 

The A4 aquifer unit regionally is the most extensive clastic aquifer of the 
southeastern United States Coastal Plain and extends from South Carolina 
through Mississippi. Strata of this unit are equivalent to Eutaw and upper part 
of Tuscaloosa Formation. The aquifer is comprised of sparsely fossiliferous 
greenish gray to yellowish brown, fine to coarse grained, glauconitic calcareous 
sand that is interbedded with gray micaceous shale. Minor constituents include 
volcanic ash (bentonite), siderite, pyrite, and lignite. The upper surface of A4 
aquifer slopes gently seaward at a gradient of 2.84 to 5.68 m/km (15 to 30 ft/mi) 
in Georgia, northern Florida, South Carolina, and adjacent counties of North 
Carolina, but slopes more steeply in Alabama and Mississippi. Similar to A3, 
the updip limit marks the inner margin of Coastal Plain sediments. 

Neither previous hydrogeologic studies at Fort Benning nor this field study 
encountered the C3 confining unit; instead, base studies show groundwater to be 
hydraulically connected throughout Upper Cretaceous deposits reaching a total 
thickness of about 28.5 m (750 ft). Water table conditions exist at Fort Benning, 
but farther south, groundwater is confined by poorly permeable units. Water 
from Cretaceous aquifers is generally soft, and contains small quantities of 
dissolved solids. Water quality varies somewhat throughout various formations 
with best quality water in Tuscaloosa strata. Silica, calcium, and sulfate content 
is greater in Eutaw and Blufftown strata. Iron also occurs at greater 
concentrations in these formations and pH is lower (about 5 as opposed to 7) in 
the Tuscaloosa Formation. Wells finished in the Blufftown and Eutaw 
Formation have yielded up to 700 gpm (2.65 mVmin). Tuscaloosa Formation 
wells have yields up to 400 gpm (1.5 m3/min) (Meckelnburg 1993). 

Fort Benning obtains most of its water supply from a surface intake structure in 
the Upatoi River upgradient from the proposed landfarm site. Additionally, the 
base operates three groundwater wells that serve a population of 1 to 100 
persons and range in depth from 61.0 to 164.6 m (200 to 540 ft), probably tapping 
sands of the A4 aquifer unit. Locations of these groundwater sources also are 
upgradient from Harps Creek and the landfarm site. No known regional water 
sources or water intake structures exist within 24.1 km (15 mi) downgradient of 
the site (Figure 3). 
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Figure 3. Location of site in relation to surface water and potable water sources. 

Climate 

Fort Benning has  a humid,  subtropical climate characterized by long hot 
summers and mild winters. 

Drainage 

The proposed landfarm site is on a local topographic high that is part of a broad 
upland ridge with a gentle zero to 5 percent slope and characterized as part of 
the low plains (Terrain Analysis Center 1976). Intermittent streams surround 
the site on three sides and are deeply incised with slopes that range from 10 to 
over 45 percent. Elevation across the site slopes from 139 m (456 ft) to 128 m 
(420 ft) above MSL. The site is in the headwaters of Harps Creek, 
approximately 20 m (65 ft) to 35 m (115 ft) above the nearest intermittent 
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stream bed. The intermittent streams become permanent downstream, where 
stream beds broaden out and become more swamp-like, especially during 
periods of heavy rainfall. Ephemeral streams at the top of the watershed direct 
run-off primarily to the southwest becoming permanent and combining with Mill 
Creek at Harps Pond. Combined drainage of Harps and Mill Creeks flows into 
Oswichee Creek and subsequently drains into the Chattahoochee River, which 
flows southeast through the western part of Fort Benning. Watershed for Harps 
Creek up to Harps Pond encompasses approximately 11.93 km2 (4.59 sq mi) 
(Figure 3). Surface water eventually empties into the Gulf of Mexico. 

Shallow groundwater at Fort Benning normally flows in the same direction as 
surface water (USATHAMA 1992). Northeast of the site lies a regional ground- 
water divide. The divide is mostly coincident to U.S. Interstate 27, which runs 
northwest to southeast. Running parallel to the highway is Ochillee creek to the 
east and a portion of the Chattahoochee River to the west. Waters that fall east 
of the highway drain into Ochillee Creek and waters that fall west of the 
highway drain south to Chattahoochee River through such creeks as McMurrin 
Branch, Harps Creek, Mill Creek, and Oswichee Creek. 

U.S. Geological Survey records show that of the average 127 cm (50 in.) of 
rainfall received by the State of Georgia, 18 percent becomes runoff, 70 percent 
is lost to evaporation, and only 12 percent has the potential of entering into 
aquifer systems (Kundell 1978). Large evapo-transpiration losses are the 
primary factor influencing seasonal water table fluctuations in unconfined 
groundwater. Shallow groundwater levels within the root zone vary annually, 
rising when plants are dormant and falling during the growing season. 
However, water level fluctuations in deep unconfined aquifers are the result of 
seasonal recharge patterns and water withdrawal. 

Environmental Characteristics 

There are no known archeological sites, historical sites, designated wildlife 
management areas, habitat for endangered species, recreational areas, swamps, 
marshes, or other sensitive ecological areas within 1000 ft of the proposed 
landfarm site. Consequently, no protective measures for such occurrences are 
necessary. 
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Temperature 

Climatological data has been recorded at Lawson Army Airfield 7 miles west of 
the landfarm site (Figure 1). The annual mean temperature is approximately 
18.7 °C (64.9 °F). The maximum and minimum daily means for each month 
fluctuate with the season (Appendix C). During July, mean maximum and mean 
minimum temperatures are 32.8 °C (91.0 °F) and 21.3 °C (71.1 °F), respectively. 
Whereas for January, the mean maximum temperature is 15 °C (59 °F) and 
mean minimum is about 2.2 °C (36 °F) (USATHAMA 1992). 

Humidity 

The relative humidity ranges from a mean of 49 percent in April and May to a 
mean of 59 percent in January and July; the average relative humidity in 
midafternoon is 54 percent (Appendix C). 

Rainfall 

The annual average rainfall at Fort Benning is approximately 124 cm/yr (48.8 
in/yr). Yearly totals for years 1960 through 1993 range from 36.04 to 67.50 in. 
(Appendix D). Rainfall distribution has major peaks in March and July with a 
secondary peak during winter months of November and December (Appendix E). 
Periods of least precipitation are usually during May or June and again in 
October. The maximum Fort Benning yearly precipitation within the last 30 
years was 171.5 cm (67.50 in) and 163.5 cm (64.37 in) in 1979 and 1964, 
respectively. The U.S. Soil Conservation Service (SCS) recorded the heaviest 1- 
day rainfall for the period of 1951 to 1977 at 13.5 cm (5.32 in) on 3 August 1977 
in Columbus, GA (Johnson 1983). Monthly summaries of rainfall intensity data 
for Fort Benning are presented in Appendix F. 

Water Quality 

Water quality analyses were performed (Appendix G) to characterize the 
groundwater present at the site. Results of these analyses exhibited small 
levels of specific conductance (Appendix H). Due to the direct relationship of 
specific conductance and dissolved solids concentrations (Hem 1985), small 
specific conductance indicates a diminished level of dissolved solids. Samples 
ranged in pH from 3.5 to almost 7. Chemical analysis of nearby groundwater 
(Appendix I), similarly found levels of small specific conductance and generally 
acidic water with pH values that ranged from 3.5 to 4.5 (Meckelnburg 1993). 
The acidic nature of the water probably is a natural occurrence related to acidic 
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soil and sediments of the Coastal Plain. Small levels of dissolved solids are 
typical of waters with a brief residence time in the ground. The site is within a 
natural recharge area, near a topographic high of the water watershed and only 
762 to 914.4 m (2500 to 3000 ft) from a regional groundwater divide. Porosity 
and conductivity of the site's subsurface material allow precipitation to infiltrate 
quickly to the groundwater zone. Thus, the main source of groundwater in the 
study area is infiltrating rainwater and is consistent with the finding of small 
concentrations of dissolved solids. 

A marked similarity is found in fingerprint diagrams (Brassington 1988) 
comparing samples from MW-1 and surface water (Figure 4). Though not 
identical, the differences are probably due to the different histories of subsurface 
interactions encountered by the two waters. Surface water is a product of 
groundwater baseflow mixed with direct run-off of rainwater that has no 
residence time in the groundwater reservoir and only short contact with soil or 
vegetation. This causes surface samples from flowing streams to have a similar 
composition as rainwater with little dissolved solids. The small dissolved solids 
content of surface water is to be expected when groundwater also has little 
dissolved solids content. Lack of any one dominant anion or group of anions 
indicates a strong connection between groundwater and surface water at the 
site. In addition, all water samples, except for BH-4, had similar concentration 
of chloride, a conservative ion that moves through both soil and water with 
minimal retardation. 

Scatter diagrams that plot various ion concentrations versus total dissolved 
solids, illustrate that waters of both subsurface and surface are related strongly 
to rainwater, except for samples BH-2 and BH-4, which exhibit some form of 
contamination. Loosely clumped together on the diagrams are surface water 
samples MW-1 and BH-3 (Appendix J). 

Winds 

Prevailing winds are from the north in the spring shifting to southwesterly in 
midsummer. Wind speeds are relatively small throughout the year, averaging 
7.08 km/h (4.4 mi/h). Greatest average wind speeds recorded are in the spring 
at 12.87 km/h (8 mi/h) (Johnson 1983). 
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Figure 4. Fingerprint diagram comparing surface water sample and MW-1 sample. 

Geological Characteristics of Coastal Plain 

In Georgia, the Coastal Plain province is characterized by a series of 
unconsolidated and poorly consolidated interbedded gravels, sands, and clays 
that lie unconformably over crystalline rocks of the Piedmont province. The 
Coastal Plain is bounded on the north by the Fall Line where rocks of the 
Piedmont province cropout and form a more resistant material than the poorly 
inundated Coastal Plain sediments. Composition of the Piedmont is a complex 
mass of Precambrian igneous and metamorphic rocks with a deeply weathered 
and eroded surface. Fort Benning is entirely within the Coastal Plain with the 
northern edge of the installation bordering the Fall Line. Proposed landfarm 
site lies approximately 16.09 km (10 mi) south of the Fall Line. 

Coastal Plain sediments at the site are entirely Late Cretaceous age. Four 
formations are defined from study of outcrops in the Fort Benning area. 
Traditional reference in chronological order of oldest to youngest is: Tuscaloosa 
Formation, Eutaw Formation, Blufftown Formation, and Cusseta Sand 
(Appendix K). These surface units have been mapped extensively throughout 
the Fort Benning/Columbus area and along Chattahoochee River (Cooke 1943; 
Eargle, 1955; Herrick and Vorhis 1963; Marsalis and Friddell 1975; Frazier 
1977; Reinhardt and Gibson 1981). However, the Eutaw Formation, Blufftown 
Formation, and Cusseta Sand units tend to lose their identities in the 
subsurface. Different authors have constructed geologic maps that place the site 
within different formations, for example, Eutaw Formation (Cooke 1943) and 
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Blufftown Formation (Eargle 1955). The most recent study of the southeastern 
Coastal Plain was part of the U.S. Geological Survey's Regional Aquifer-System 
Analysis (RASA) program, whose objectives included analysis of major 
groundwater systems of the United States on a regional scale. Renken et al. 
(1989) (Appendix B) have correlated the Coastal Plain stratigraphic units for 
much of the southeast from Mississippi to South Carolina. 

Cretaceous sediments of the Georgian Coastal Plain consist of lithologies 
indicative of erosion products transported from uplifted rocks to the northwest. 
Following transportation, the sediments were deposited in a deltaic environment 
where shifting river channels, lakes, and swamps prevailed. Due to cyclical 
advance and retreat of the sea during the Late Cretaceous Period, depositional 
environments range from largely continental (fluvio-deltaic) to predominantly 
marine, varying laterally as well as vertically within the stratigraphic record. 
Along the Chattahoochee River, Blufftown, and Eutaw Formations consist of 
marine fossiliferous sand and calcareous silty clay, but grade into nonmarine 
sediments to the east toward the Ocmulgee River. Cretaceous sediments 
become more representative of an offshore marine depositional environment as 
they dip southeastward beneath younger formations. 

The area of Cretaceous rocks increases in width towards the west and 
Cretaceous rocks thicken downdip to the southeast. In western Georgia, the 
surface strike of crystalline rocks on which basal Coastal Plain rocks lie is N. 77 
degrees E. and their dip is approximately 14.78 m/km (78 ft per mile) in the 
Chattahoochee Valley with a strike of about N. 85 degrees E. Due to the fact 
that Blufftown and Eutaw beds become similar, Eargle (1955) was unable to 
trace accurately their contact, but where it was traceable, the strike was about 
N. 75 degrees E. Top of the Blufftown Formation strike was approximately N. 
67 degrees E., dipping southeastward at a little more than 5.68 m/km (30 ft per 
mi). 

Groundwater 

Water table levels of the area generally are subdued replicas of land surface 
topography. They range from 28.04 m (92 ft) below land surface of the landfarm 
site to at or near surface level in low swampy areas downgradient. Precipitation 
not lost through run-off readily infiltrates permeable subsurface materials and 
moves vertically to the saturated zone and then laterally, from areas of high 
elevation to areas of low elevation. Lateral movement is interrupted locally by 
swamps, creeks, and intermittent streams into which groundwater discharges. 
Additional water is lost by downward leakage to lower aquifer systems and by 
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typical of unconfined conditions has vertical no flow boundaries beneath valleys 
and ridges (Figure 5). Groundwater flow at Fort Benning appears to fit this 
idealized model. Due to the connection of groundwater and surface water, the 
most easily recognizable groundwater divides for the area are boundaries of the 
watershed. 

The subsurface is assumed homogenous and isotropic (Figure 5) where upland 
areas serve as recharge areas and valleys are discharge areas creating a uniform 
single local flow system. In reality, an infinite variety of subsurface and surface 
variations and anisotropic conditions exist creating regional systems of 
groundwater flow. However, as Freeze and Cherry (1979) noted, "... where there 
is pronounced local relief, only local systems develop." For purposes of the 
landfarm study, the watershed of Harps Creek prior to its combination with 
other streams was defined as the local groundwater flow system. Larger 
groundwater flow systems are defined as groundwater that traveled out of the 
watershed and discharged into larger bodies of water. 

Because of the pronounced topography relief of the area, topography may be 
considered the major controlling aspect of groundwater flow; thus the majority of 
recharge of the watershed should discharge into Harps Creek. In addition, even 
though subsurface stratigraphy shows a great variability of sediments, ranging 
from permeable, well sorted medium-grained sands to clayey sands and lenses of 
clay, no perched water table or poorly permeable continuous unit of any 
significant thickness was encountered. Therefore, the study area, at a first 
approximation can be considered homogeneous and isotropic for studying 
groundwater flow. 

Topography 

Watertable 

B C 
77777T7777 
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Figure 5. Idealized cross-section of groundwater flow patterns (after Freeze and 
Sherry 1979, modified from Hubert, "The Theory of Groundwater Motion, Journal of 
Geology, vol 48 [1940], pp 785-944). 
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Soil 

No soil types have been delineated by the SCS for the Harps Creek watershed; 
however, they have been defined for the Oswichee Creek watershed to the south 
of Harps Creek. Using similar topography as a guide, the following soils are 
typical of the proposed landfarm site: Cowarts, Ailey, Nankin and Troup. These 
soils (Table 1) range from moderately to well drained soils, with Unified Soil 
Classifications of sandy clay loam, sand loam, and sandy clay. They are 
generally less than 50 percent clay, more than 50 percent sand, and acidic. All 
but Nankin soils are siliceous. 

Stratigraphy 

Deep wells drilled near the site have found that combined thickness of Upper 
Cretaceous units is approximately 228.6 m (750 ft) with the Blufftown and 
Eutaw Formations comprising the upper 121.92 m (400 ft) (Meckelnburg; 
Marsalis and Friddell 1975). Four borings were drilled using a hollow stem 
auger. The location of each boring (Figure 6) was chosen to provide an 
understanding of local groundwater flow patterns. All were drilled to a depth of 
approximately 3.05 m (10 ft) below the water table and ranged in depth from 
19.81 to 31.09 m (65 to 102 ft). The first boring (MW-1) is at the visual 
topographic high of the site and was completed as a 2-in. piezometer by 
installing a PVC casing and screen, and a clay seal. Aquifer characteristics were 
all determined at MW-1. Remaining three borings were numbered BH-2, BH-3, 
BH-4 with the later two located outside the landfarm site (Appendix L). Split 
spoon samples were taken at 5-foot intervals in all borings and geologically 
described (Appendix M). 

Grain size analysis was performed on selected representative samples 
(Appendix N). Sediments were classified using the Unified Soil Classification 
System (USCS) (ASTM 1950) as SC, clayey sands, sand-clay mixtures; and SP, 
poorly graded sands, gravely sands, little or no fines. Samples from the top of 
BH-3 and the bottom of BH-4 were the only samples classified as CL, inorganic 
clays of poor to medium plasticity, gravely clays, sandy clays, silty clays, and 
lean clays. 

Correlations and exact formation identifications from the site borings are 
difficult due to the lack of continuous sampling and variability of sediments 
within the formations. Sediments vary from bright white to tones of red and 
yellow with mottling of browns, purples, and greenish gray clays. 
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Figure 6. Topographic map of proposed landfarm region and location of borings. 
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Table 1. Soils typical of the site (after Frost, in prin l)- 
Soil 
Series Texture Clay % 

Permeability* 
(in/hr) pH 

CEC 
(meq/100g) 

Organic 
Matter (%) 

Hydrologie 
Group 

Ailey Sandy Clay 
Loam 

3-35% 0.06-20 4.5 
to 
6.5 

0.3-2.0 0.5-1 B 

Troup Sandy Loam 
or Sandy Clay 
Loam 

1 - 35% 0.6-20 4.5 
to 
6.5 

0.5-1 A 

Cowarts Sandy Loam or 
Sandy Clay 
Loam 

3-40% 0.06-6.0 4.5 
to 

6.5 

1-10 0-3 C 

Nankin Sandy Loam, 
Sandy Clay, 
and Sandy 
Clay Loam 

5-50 0.2-6.0 4.5 
to 
6.5 

1.0-5.5 0.5-1 C 

•Permeability refers to ability of a soil to transmit water or air. Estimates indicate rate of downward movement of 
water when soil is saturated and are based on soil characteristics observed in the field, particularly structure, 
porosity, and texture (Johnson 1983). 

Many samples were so commonly mottled and variegated that an accurate 
description with the Geological Society of America Rock-Color Chart (1963) was 
difficult. In general (Figure 7), collected sediments are: (1) sand to clayey sand 
with medium- to fine-grained, subangular to subrounded, quartz, (2) micaceous, 
and (3) containing ferruginous darker-colored clay aggregates or nodules in 
addition to several small lenses of noncontinuous clay units. Lignitized plant 
species in a clayey sand bed at the bottom of first boring were the only fossils 
found. 

Sediments Beneath the Soil Horizons 

Nearby hydrogeologic investigations analyzed samples from 0.91 to 14.02 m (3 to 
46 ft) below the surface for CEC and moisture content (Meckelnburg 1993). 
CEC was found to range from l.lmeq/100g between a depth of 9.45 and 12.19 m 
(31 and 40 ft) to 14 meq/100 at about 9.14 m (30 ft) with and average of 5.5 
meq/100 g. The cutoff between large and small CEC is 10 meq/100 g (Buol et al. 
1973) indicating that most material in the unsaturated zone has a limited 
capacity to attenuate any potential contaminant by cation exchange. However, 
continuous borings may find discontinuous layers of finer materials with greater 
exchange capacities for contaminant retention. Moisture content for these 
nearby sediments typically was small, with less than 10 percent moisture 
content due to the well drained nature of the sediments. 
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Figure 7. Representative graphic log of site stratigraphy. 
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3  Site Modeling 

Field Data 

Groundwater levels in the monitoring well and borings ranged from 28.0 to 
17.7 m (92 to 58 ft). Aquifer characteristics of MW-1 were estimated through 
lab analyses and slug tests. In addition, porosity and vertical hydraulic 
conductivity were determined in the lab from a relatively undisturbed (Shelby 
Tube) sample collected from bottom of MW-1. Slug tests were used to determine 
hydraulic conductivity and involved lowering a 3-ft by 1-in. galvanized steel slug 
into the well, which displaced approximately 9 in. (0.75 ft) of water. The slug 
was positioned below the original well water level and the time and recovery of 
the water levels were recorded with an In Situ "Hemit" R data recorded. Once 
the well water equilibrated, the slug was removed from the well, and again the 
time and recovery of the water levels were recorded. The computer program, 
AQUITEST, and the Bouwer and Rice Method (1976) were used to calculate 
hydraulic values (Appendix O). 

Field values for hydraulic conductivity ranged from 6.60 x 10-4 to 2.91 x 10-5 
cm/sec (1.30 x 10-3 to 5.72 x 10-5 ft/min). Vertical hydraulic conductivity of 1.8 x 
10-4 cm/sec (3.54 x 10-4 ft/min) was determined from laboratory analysis of an 
undisturbed MW-1 sample. Other hydrogeologic investigations (Meckelnburg 
1993; Fox 1993) within a mile radius of the site produced hydraulic conductivity 
values of 3.55 x 10-4 to 4.88 x 10-3 cm/sec (6.99 x 10-4 to 9.6 x 10-3 ft/min). 
Taking into account site variability and probable slug test error, a conductivity 
value of 1.4 x 10-4 ft/min was deemed reasonable. Additionally, the 
"undisturbed" MW-1 sample produced a laboratory porosity of 47 percent. 
However, in-situ soil porosity probably is much less because samples may not 
have been packed as tightly as when in the subsurface. Therefore, based on 
published porosity values for compacted sediments, a porosity of 30 percent was 
selected for the purpose of modeling. 
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Groundwater Flow 

Based on the assumption of a single flow system for the study region, water 
table contours were determined from hydraulic heads measured in three 
borings, BH-2, BH-3, and BH-4. Provided that homogeneous and isotropic 
conditions exist, groundwater flow is perpendicular to these water table 
contours (Figure 8). Groundwater velocity in the saturated zone of the site 
along the direction of flow can be computed from the following modification of 

Darcy's Law (USEPA 1989): 

v = KI/n Eq1 

where: 
v = groundwater flow velocity 
K = hydraulic conductivity 
I  = hydraulic gradient 
n = effective porosity. 

The resultant calculation is: 

'355.5-350.8^ 
(1.4 xl(T4) 

410.2 
/(0.3) = 5.7 x 10~6 ft I day (0.002ml day) 
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Figure 8. Direction of groundwater flow for proposed landfarm region. 
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Numeric Groundwater Model 

The two-dimensional computer program used to stimulate groundwater flow of 
the site was a PC-modified version of MODFLOW, called GRAPHIC 
GROUNDWATER, version 1.1 (Esling and Larson 1993). Chosen because of its 
enhanced data input and display features, it is based on a well-documented finite 
difference groundwater flow modeling program. 

Boundaries of the watershed were estimated from Fort Benning GIS files in 
combination with topographic maps. The area was discretely divided into blocks 
that varied from 304.8 by 304.8 m (1000 by 1000 ft) at the southern edges of the 
watershed to 38.1 by 38.1 m (125 X 125 ft) over the landfarm site. This 
nonuniform grid was used to decrease computation time for each simulation; in 
addition, conditions farther from site will have less impact on flow at the site. 
The number of cells totaled 1333 (31 rows by 43 columns) (Figure 9). Vertically, 
cells encompassed the ground surface down to the top of the first confining layer 
including the water table. Elevations of the ground surface were derived from 
the Fort Benning Reservation Map revised in April 1962 (Corps of Engineers). 
The bottom depth of the unconfined aquifer was arbitrarily set at zero ft above 
MSL because the top of the confining layer is unknown at the site; however, 
nearby geological studies place it at approximately 400 ft. This is sufficient 
depth to have no impact on the shallow groundwater flow. Horizontal hydraulic 
conductivity was assumed to be greater than vertical conductivity and the model 
was calibrated to find the best value for horizontal conductivity. 

Recharge rates were estimated from the 30-year average rainfall for Fort 
Benning of 123.95 cm/yr (48.8 in/yr) and the SCS method for abstractions (Chow 
et al. 1988). An annual rainfall of 123.95 cm (48.8 in.), normal antecedent 
moisture climate, and a soil hydrologic group of B was used to calculate run-off. 
Run-off was computed at 113.79 cm/yr (44.80 in/yr) with an infiltration rate of 
10.16 cm/yr (4.0 in/yr) (Appendix P) equaling a net recharge for the study region 
of 1.83 x 10-7 m/min.(6 x 10-7 ft/min). In addition, the watershed was divided 
into four recharge zones that received 100, 75, 25, and zero percent of available 
recharge depending on topography of the grid cell. Grid cells with an elevation 
greater than 400 ft received 100 percent of total available recharge, whereas 
cells with an elevation less than 300 ft received no recharge and were considered 
areas of discharge. Insufficient data for Harps Creek and its tributaries required 
that parameters of riverbed conductivity, riverbed thickness, river stage heights, 
and river widths be estimated solely by calibration of the model. 
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Figure 9. Discrete division of Harps Creek watershed for groundwater modeling. 
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Table 2. Hydraulic head values for the steady state model. 
Node 
(U) 

Well or 
Bore Hole 

Measured Hydraulic 
Head (ft) 

Simulated Hydraulic 
Head (ft) 

Difference 
(hm - hs) 

25,10 MW-1 356.93 353.71 3.22 
32,10 BH-2 360.83 358.76 2.07 
24,16 BH-3 348.79 350.00 -1.21 
17,5 BH-4 347.56 347.70 -0.14 
Mean Error (ME) = 0.985 ft 
Mean Absolute Error (MAE) = 1.66 ft 
Root Mean Squared (RMS) Error = 2.01 ft 

The calibrated model reached steady state conditions and reproduced all known 
hydraulic heads within acceptable values (Table 2). A contour map of computed 
watertable elevations in the watertable aquifer under steady state conditions 
(Figures 10 and 11) indicates a south-southwesterly direction of groundwater 
flow that is influenced strongly by topography and surface water drainage 
patterns. Due to uncertainties in calibration and parameter values used, the 
model may not represent the system accurately under a different set of 
boundary conditions or hydraulic stresses. Additional borings are needed to 
provide greater details of groundwater flow patterns at the site. 

Simulations of different transient conditions were applied to the computer 
model to determine the effect of extreme rain events on the hydrologic flow 
regime of the site. Based on information from the U.S. Weather Bureau data, a 
100-year return period storm with a 24-hour duration is 22.53 cm (8.87 in) of 
rainfall (Hershfield 1961) (Appendix Q). Rainfall was divided into six periods 
according to the SCE rainfall distribution for a 24-hour storm (Chow et al. 1988) 
with each period covering 4 hours. These amounts were entered uniformly as 
recharge rates to the site. Simulations were run using a recharge rate of 12 
percent of available rainfall and a worse-case condition of 100 percent recharge 
of total rainfall infiltrated to the groundwater (Appendix R). In addition, 
specific yields of the aquifer were varied from 0.3, the maximum for a medium 
sand, to 0.07, an average for a sandy clay (Fetter 1988). 

Results of these simulations showed that little change occurs in groundwater 
flow patterns from steady state to transient conditions. The difference between 
a recharge of 12 percent compared with a maximum recharge of 100 percent is 
one of magnitude rather than any significant change (Appendix S). The water 
table rose dramatically, as expected, from such a severe 24-hr/100-yr storm. 
Thus, groundwater flow rates increased dramatically. Other computer software 
programs specifically geared toward modeling the unsaturated zone must be 
used for a more complete picture of groundwater movement at the  site. 
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Figure 10. Potentiometric surface of the water table aquifer. 
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Figure 11. Direction of groundwater flow in the water table aquifer. 
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Summary and Conclusions 

Proposed Fort Berming landfarm site consists of typical Coastal Plain sediments 
that are permeable and acidic with some clay and a mean grain size distribution 
of medium to fine sand. Site soils are a sandy clay loam with small values for 
CEC, organic content, and moisture content. No perched watertable was 
discovered during subsurface exploration to suggest the existence of a natural 
clay barrier or a confining unit with reduced permeability. The watertable is a 
subdued replica of topography with an unsaturated zone that probably is greater 
than 15.24 m (50 ft), even following extreme rainfall events. A small hydraulic 
gradient exists across the site that increases down gradient towards the 
streams. Groundwater flow is to the south-southwest. Evapo-transpiration 
rates as great as 70 percent of total yearly precipitation limits the amount of 
infiltrating water. Rainwater that does infiltrate travels primarily vertically to 
the watertable and then horizontally to downgradient creeks. Water bodies 
potentially affected by placement of a landfarm within this hydrogeologic system 
are Harps Creek and downgradient Oswichee Creek. Drinking water for the 
region is supplied primarily by a surface water source and a few rarely used 
wells that tap deep aquifers protected by a confining unit. Both types of water 
sources are upgradient with no known drinking water sources within 24.1 km 
(15 miles) downgradient from the site. Limitations of the Fort Benning 
subsurface can be overcome by construction of a clay and/or synthetic layer and 
use of soil enhancement techniques such as addition of lime and mineral 

nutrients to the soil. 

Because shallow groundwater of the region flows directly into local creeks, the 
greatest concern is possible mobilization of landfarm contaminants by 
infiltrating rainwater that might reach the water table still in significant 
concentrations. These concerns are minimized by numerous studies conducted 
on the fate of hydrocarbons in the subsurface. Studies concluded that even poor 
quality soils similar to those at Fort Benning have the ability to greatly reduce 
petroleum concentration through retardation and biodegradation. Expectations 
of little to no migration of contaminants are further confirmed by documented 
experiences of the Fort Polk landfarm (Smith et al. 1992). 

Landfarm technology has been researched thoroughly for a variety of 
environments and found to be a safe alternative even in imperfect sites. The 
contaminant potential of landfarm organics in the subsurface is based on the 
specific hydrogeology of the site, type of wastes incorporated, and management 
strategies of the landfarm. Reliable monitoring of the physical properties of the 
landfarm matrix, in addition to monitoring local creeks and groundwater, will 



36          USACERLTR-97/136 

allow for rapid pollution detection at the Fort Benning landfarm and, 
consequently, adoption of management modifications to interrupt any possible 
migration process. 



USACERLTR-97/136 37 

4  Subsurface Modeling 

Field Data 

Seven soil borings have been drilled at the site with soil samples taken every 1.5 
m (5 ft). A split spoon sampler was used to classify the soils and to determine 
the groundwater elevation of each boring. Because of cost considerations, three 
borings were filled in after water elevation was determine; other four soil borings 
have been converted into monitoring wells. Sandy material with some thin clay 
layers predominated in the soil borings (Appendix L). 

The four monitoring wells were logged using an induction conductivity log and a 
gamma log (Appendix T) to determine location of clay layers. Graphing of clay 
layers at their respective heights shows with some certainty that there is one 
continuous clay layer underneath the entire site (Appendix U). Undisturbed 
samples taken at the bottom of the four monitoring wells were test for in-situ 
density (pcf), moisture content, hydraulic conductivity, and soil characteristics 

(Table 3). 

Modeling 

The 2-dimensional computer modeling program used to simulate the flow of 
water and contaminates through saturated and unsaturated layers, 
FEMWATER and LEWASTE (Yeh and Chang, 1993a, b), were developed under 
the direction of the U.S. Army Corps of Engineers with support from the U.S. 
Department  of Defense,   the  U.S.   Department  of Energy,   and  the  U.S. 

Table 3. Sample test results. 

Boring 
No. 

Sample 
Date 

Depth 
(ft) 

In-Situ 
Density (pcf) 

Moisture 
Content (%) 

Hydraulic Conductivity 
K (cm/s) 

Soil 
Description 

MW-1 13 Jim 94 102 1.8x10-4 Sand, trace clay, 
organic matter 

MW-2 24 Oct 95 94-96 127.9 23.83 1.4x10-4 Silty sand, trace of 
clay, yellow 

MW-3 23 0ct95 74-76 107.54 7.3 8.5x10-4 Sand, some silt, trace 
of clay, yellow 

MW-4 25 Oct 95 84-86 126.4 22.5 1.02x10-4 Silty sand, trace of 
clay, trans yellow 
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Environmental Protection Agency.   Visualization 
of FEMWATER and LEWASTE were interfaced 
with a graphics software (Groundwater Modeling 
System    (GMS))    package    developed    by    the 
Engineering    Computer    Graphics    Laboratory 
(ECGL)  of Brigham Young  University  for  the 
Department of Defense (GMS 1995). For purposes 
of viewing in GMS, the model was converted to a 
3-dimensional model.   This was accomplished by 
putting one 2-dimensional model 30.5 cm (1 ft) in back of the other.  Using the 
GMS film loop, the simulation can be viewed showing the contamination plume 
in time increments of Table 4. 

Table 4. Time ncrements. 
Time in sec Time 

300 5 min 
660 11 min 

2203200 25.5 days 
165210000 5.24 yr 
375830016 11.9 yr 
586460032 18.6 yr 
797080000 25.3 yr 
886600000 28.1 yr 

A 2-dimensional grid was used for imputing into FEMWATER and LEWASTE. 
Grid was made up of a total of 2420 elements and 2520 nodes with 55 elements 
in the x-direction and 45 elements in the z-direction. Bottom nodes were set at 
an elevation of zero. Top nodes were set according to the surface elevation of the 
site with a maximum elevation of 4175.76 cm (137 ft). Grid was lined up in the 
direction of groundwater flow. At the bottom of the grid, spacing in z-direction 
was 365.76 cm (12 ft) while spacing at the top is (15.24 cm (0.5 ft). This was 
done to keep number of nodes to a minimum and create more definition of the 2- 
dimensional grid near the ground surface (Appendix V). Grid spacing in the x- 
direction is 2011.68 cm (66 ft), except near the site, where spacing is decreased to 
simulate a 152.4 cm (5 ft) clay wall for the site. For purposes of viewing in GMS, 
2-dimensional grid was converted to a 3-dimensional grid by putting one 2- 
dimensional grid 30.48 cm (1 ft) in back of the other. The 3-dimensional grid is 
made up of 2420 elements and 5040 nodes. Front face of the elements is the 
same size as the 2-dimensional model. 

A program without a clay liner placed under the treatment area, without natural 
occurring clay layers, and with all sand was set up to simulate a worst case 
scenario. Amount of rain normally infiltrating into the groundwater is 12 
percent of annual rainfall (Kundell). An average rainfall of 124 cm/yr (48.8 in./yr) 
would create an infiltration rate of 14.87 cm/yr (5.856 in./yr). To create a worst 
case scenario, infiltration rate of rainwater was doubled to 29.748 cm/yr (11.712 
in./yr). Test results from three undisturbed samples taken from monitoring 
wells (MW) 1, 2, and 4 had an average hydraulic conductivity (K) of 1.4 x 10-4 
cm/s (2.76 x 10-4 ft/min). To further create a worst case scenario, hydraulic 
conductivity was increased to 5.8 x 10-3 cm/s (1.4 x 10-2 ft/min). Finally, two 
distribution coefficients (Kd) were used; the first Kd was set at 100 ml/g which 
would be a realistic value for soil at Fort Benning. The second Kd was set at 10 
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ml/g, for a worst case scenario. Smaller distribution coefficient allows 
contaminate plume to travel faster. Assumptions also included those made for 
FEMWATER and LEWASTE (Appendix W). 

A second simulation added a clay layer with a hydraulic conductivity of 9.0 x 10- 
5 cm/s (1.77 x 10-4 ft/min) located 1828.8 cm (60 ft) below the surface of the site 
with an average thickness of 335.28 cm (11 ft) as suggested by the logs from the 
monitoring wells. This simulation also included an added clay liner 152.4 cm (5 
ft.) thick creating a "pit" 106.68 cm (3.5 ft) deep and 11917.68 cm (391 ft) across 
with a hydraulic conductivity of 9.00x 10-8 (2.95 x 10-9 ft/s) where contaminated 
soil would be treated by "farming." Assumptions were made for FEMWATER 
and LEWASTE (Appendix W) and for the clay (Appendix X). 
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5  Conclusion 

Simulations are not calibrated models; they are worst case scenarios. 
Simulation of treatment area without a layer can be compared to the simulation 
with a layer as to total distance contamination traveled in the z-direction. Soil 
was considered contaminated if this value was above 0.002, which is 0.2 percent 
of starting contamination. Using this comparison, contamination in simulation 
without the clay liner traveled 731.52 cm (24 ft), whereas contamination in the 
simulation with the liner traveled 396.24 cm (13 ft). Contamination in the 
simulation without a constructed barrier moved nearly twice the distance 
contamination moved with a clay layer over the 28.1 year period. However, this 
method of comparison may not be the most accurate interpretation because the 
soil becomes saturated in the simulation with the clay liner. Contamination 
moves very quickly through saturated soil and once it gets through the saturated 
zone it begins moving slower. Simulation without the clay liner depicts slow but 
steady movement that outpaces contamination in the simulation with a clay 
liner. 

Another way to compare the simulations is to look at distance traveled by 
contamination beyond the depth of the clay liner. In the simulation with a clay 
liner, the contamination moved 144.78 cm (4.75 ft) beyond the liner. Simulation 
without a clay liner showed a movement of 480.06 cm. (15.75 ft) beyond the 
depth where the clay liner would have been located. Contamination in the 
simulation without the clay liner moved more than three times as far as in the 
simulation with the liner over the time period of 28.1 years. 

Simulations are worst case scenarios for several reasons: 

1. Hydraulic conductivity has been set higher than actual site conditions 
allowing water to travel through soil faster. 

2. Program limitations assign the liner a hydraulic conductivity of 9.00 x 10-8 
cm (2.95 x 10-9 ft/s), but geosynthetic clay liner may have a lower hydraulic 
conductivity. 

3. Soil within the clay liner is fully saturated in the simulation, which will not 
be allowed under operating conditions. Soil being saturated creates a higher 
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concentration   of   contamination   and   increases    speed   at   which   the 
contamination plume moves within the clay liner. 

4. Models do not have any decay factors that would simulate bioremediation 

that would take place. 

5. Infiltration rate was doubled compared to expected amount. 

6. Although the natural occurring clay layer, believed to be located 1828.8 cm 
(60 ft) below proposed landfarm surface, does not make a substantial 
difference in the simulation, it provides an added amount of security. A 
natural occurring clay layer would create an added barrier with the ability to 
trap contaminants because of the clay's cation exchange capacity (CEC). 

This study concludes that the site Fort Benning, GA is suitable for a landfarm 
because of distance to groundwater, slow speed at which contaminants would 
travel in the unsaturated zone, and the added security that clay provides 
through cation exchange capacity. 
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Appendix A: Loading Calculations 

Estimated oily waste produced annually at Fort Benning: 

Allowable oily waste loading per application: 

Estimated treatment or actual "farming" area: 

Estimated treatment area in square feet: 
1 acre = 43,560 ft2 

43,560ft2x5 = 217,800ft2 

Capacity of 6 inches (0.5 ft) of soil over 5 acres: 
217,800 ft2 x 0.5 ft = 108,900 ft3 

Estimated soil weight for 108,900 ft3: 
1 ft3 of soil = 110 lbs 
108,900 ft3 x 110 lbs = 11,979,000 lbs 

Total capacity to assimilate oily waste at 1% application: 
11,979,000 lbs x 0.01 = 119,790 lbs 

100,000 lbs 

1% 

5 acres 

217,800 ft2 

108,900 ft3 

11,979,000 lbs 

119,790 lbs 

Estimated sludge loading annually at Fort Benning 
500 yd3 x 27= 13,500 ft3 

Sludge weight per ft3 

13.500 ft3 x 100 

Dry solid percentage 
1,350,000 x.5 = 675,000 lbs 

Estimated treatment or actual "farming area" 
675,000 lbs /5 = 135,000 lbs dry solids per acre 

Assuming 2.25% nitrogen content in dried sludge 
135,000 lbs x .0225 = 3,037.5 lbs nitrogen per acre 

500 yd3 

13,500 ft3 

100 lbs 
1,350,000 lbs 

0.5% 
675,000 lbs 

5 acres 
1135,000 lbs 

2.25% 
3,037.5 lbs 
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Appendix B: Southeastern Coastal Plain 
Stratigraphic Correlation Chart 
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Appendix C: Fort Benning Temperature, 
Wind Speed, and Humidity Data 

Fort Benning Temperature, Wind Speed, and Humidity Data 

Temperature (F) Wind Speed (mi/hr) Relative 
Humidity 

Month Mean 
Daily Max 

Mean 
Daily Min 

Mean Max Mean Percent 

January 59.0 36.0 5.8 48.3 59 
February 61.0 39.0 5.8 55.2 56 

March 68.0 44.1 6.9 70.2 52 
April 78.1 52.2 5.8 55.2 49 
May- 84.0 60.1 4.6 80.6 49 
June 90.0 68.0 3.5 73.3 53 
July 91.0 71.1 3.5 80.6 59 

August 91.0 70.0 3.5 63.3 56 
September 86.0 65.0 3.5 59.9 55 

October 79.0 53.1 3.5 47.2 50 
November 66.9 42.1 4.6 50.6 52 
December 60.1 37.9 4.6 54.1 58 

Annual 75.9 53.1 4.6 80.6 54 
No. of Years on 

Record 32 32 34 32 33 

Source: USTHAMA 1992 taken from USAF Air Weather Service Climatic Brief for Fort 
Benning, Georgia (Lawson AAF), period of record May 1939 to December 1972, with 
extremes updated through December 1981. 



USACERLTR-97/136 49 

Appendix D: Yearly Precipitation Totals 
for Fort Benning Georgia 

Yearly Precipitation Totals for Fort Benning, Georgia 

Year Amount 
(inches) 

Year Amount 
(inches) 

Year Amount 
(inches) 

1960 45.76 1971 56.24 1982 51.89 

1961 43.70 1972 51.90 1983 55.69 

1962 36.04 1973 57.20 1984 38.20 

1963 41.46 1974 45.99 1985 43.10 

1964 64.37 1975 62.63 1986 39.21 

1965 40.29 1976 52.02 1987 37.50 

1966 58.76 1977 46.60 1989* 60.74 

1967 46.28 1978 58.25 1990 39.93 

1968 38.27 1979 67.50 1991 56.45 

1969 39.25 1980 50.55 1992 47.27 

1970 46.82 1981 47.31 1993 47.96 

* Year 1988 had incomplete precipitation totals. 

Smallest and largest yearly precipitation totals are in bold. 

(Source: National Climate Center, Ashville, North Carolina) 
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Appendix E: Fort Benning Precipitation 

Fort Benning Precipitation 

Month Mean (in.) Greatest (in.) Least (in.) Max 24-Hour (in.) 

January 4.0 9.1 0.9 4.7 
February 4.1 8.2 0.9 4.1 

March 5.3 16.8 0.8 4.4 
April 4.4 12.3 0.4 5.5 
May 3.3 9.9 0.1 3.1 
June 4.0 9.4 0.8 3.4 
July 5.7 15.8 1.0 3.2 

August 4.1 12.3 0.5 0.6 
September 3.3 8.9 * 3.1 
October 1.6 7.3 * 4.4 

November 2.7 13.2 0.1 4.4 
December 4.9 11.1 0.6 4.0 

Annual 47.4 76.3 24.8 5.5 

* Less than 0.04 inches 

Source: USTHAMA 1992 taken from USAF Air Weather Service Climatic Brief for Fort 
Benning, Georgia (Lawson AAF), period of record May 1939 to December 1972, with 
extremes updated through December 1981 
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Appendix F: Average Monthly 
Precipitation for Fort Benning, GA 

20 T 

Jan    Feb March April   May June  July   Aug   Sept   Oct   Nov   Dec 
Month 

Maximum Monthly Precipitation 3t Mean Monthly Precipitation 

^ Minimum Monthly Precipitation 

(Source: National Climate Center, Ashville, North Carolina 
AWS Climatic Brief for Fort Benning, Georgia (Lawson AAF), period of record 1969 to 1993.) 
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Appendix G: Description of Water Quality 
Analysis 

Two water samples were collected from each of the four boreholes and from a 
downgradient surface water source (Figure xx). Prior to collection of water samples, 
stagnant water was removed from the bore holes with a bailer (a well volume) and samples 
were taken from water that had refilled the well to its original level. One well volume was 
removed from boreholes and water samples were collected while the auger stem was still 
in place. MW-1 was purged with three well volumes removed prior to sampling. Redox 
potential, temperature, pH, and specific conductance of water samples were measure on- 
site. All sets of samples were maintained at a temperature below 4° C (39.2° F) with one 
set acidized for total iron concentration measurements. Samples then were transported to 
the U.S. Army CERL chemical laboratory where each was filtered and pH, specific 
conductance, and total iron were measured in addition to major anion and cation 
concentrations: HC03", Cl\ N03", S04

=, NA+, NH4, K+, Mg**, and Ca^. 

Measurement of major anion and cation concentrations were made using chromatography 
analysis on a Waters LC-Module 1 solvent delivery system equipped with a Waters 431 
conductivity detector. Data were collected and manipulated using a Dell 386 computer 
with Maxima 820 software. Standard solutions for all analyte ions were prepared by 
dilution from appropriate stock solutions and were used to generate calibrations curves. 
Sample analyte concentrations were determined by manipulation of Maxima software. 
Total iron concentrations were measured by atomic absorption analysis on a Perkin Elmer 
303B Atomic Absorption Spectrophotometer. A blank as well as a fresh standard were 
run to create a calibration curve and samples were aspired and analyzed for iron. 

Sample may have been affected by limited sampling methods, inadequate purging, or prior 
activity at the site. Limestone roadfill at the site may be the cause of increased levels of 
calcium, carbonate, and sulfate concentrations found in BH-2 sample. The acidic sample 
from BH-4 had an increased level of nitrate, which may indicated septic tank or other 
nutrition-causing contamination sources. Also, levels of iron in water sample may have 
been increased artificially when the samples were acidized prior to filtration. Small shifts 
in pH or Eh can cause great changes in iron solubility; thus, increasing quantities of iron 
go into solution as pH values drop below 4.8 (Hem 1985).   Despite these sampling 
questions, trends are observable. Surface water and groundwater samples from MW-1 are 
similar. Their small dissolved solids content and similar fingerprints imply that they come 
from the same source, rainwater. 
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Appendix H: Water Quality Analysis 

Sample ID 
Sampling Date 

MW-1 
6/17/94 

BH-2 
6/15/94 

BH-3 
6/15/94 

BH-4 
6/16/94 

Surface 
6/16/94 

FIELD MEASUREMENTS 

temperature (°C) 21.6 26.9 23.5 22.6 22.8 

specific conductance (u.mhos/cm) 50 120 50 170 20 

redox potential (mV) 208 ... 295 201 110 

LAB MEASUREMENTS 

pH (in lab on 6/21/94) 5.53 6.99 5.70 3.56 5.00 

carbonate (mg/L) 5.04 47.7 16.5 3.4 4.93 

chloride (mg/L) 10.1 5 4.79 22.4 4.87 

nitrate (mg/L) 12.6 4.17 9.7 36.3 4.22 

sulfate (mg/L) 5.22 24.9 8.46 12.5 4.88 

sodium (mg/L) 2.76 4.78 2.52 7.74 1.72 

ammonia (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01 

potassium (mg/L) 0.67 1.28 0.88 0.78 0.62 

magnesium (mg/L) 0.55 0.95 0.85 0.71 0.35 

calcium (mg/L) 3.36 16.8 4.2 5.92 1.09 

total iron (mg/L) 0.11 8.14 16.9 23.63 8.39 

Conducted by the chemical laboratory of the U.S. Army Construction Engineering Research 
Laboratories, Champaign, Illinois. 
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Appendix I: Background Water Quality 
From a Landfill North of Site 

Sample ED 
Lab# 
Sampling Date 

K 
C4502 
7/10/93 

P 
C4541 
7/9/93 

GENERAL PARMETERS 

temperature (°C) 20.9 19.5 

pH 3.5 3.9 

specific conductance (umhos/cm) 35 51 

dissolved oxygen (ppm) 6.9 ... 

DISSOLVED METALS (mg/L) 

silver < 0.010 < 0.010 

arsenic < 0.0010 < 0.0010 

barium < 0.010 0.013 

beryllium 0.001 0.001 

cadmium < 0.0005 < 0.0005 

cobalt < 0.050 < 0.050 

chromium < 0.020 < 0.020 

copper < 0.025 < 0.025 

mercury 0.000226 0.000347 

nickel 0.000168 0.000433 

lead < 0.0010 0.0012 

antimony < 0.0005 < 0.0005 

selenium «cO.01 <0.01 

thallium 0.00146 < 0.0005 

vanadium < 0.050 < 0.050 

zinc < 0.015 0.399 

TOTAL METALS (mg/L) 

silver < 0.010 < 0.010 

arsenic < 0.0010 < 0.0010 

barium 0.038 0.026 

beryllium 0.001 0.001 

cadmium 0.000897 0.00223 

cobalt 0.072 < 0.050 

chromium < 0.020 ... 

copper < 0.025 ... 

mercury 0.000459 < 0.0001 

nickel 0.000253 0.000488 

lead 0.0077 0.0202 
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Sample ID 
Lab# 
Sampling Date 

K 
C4S02 
7/10/93 

P 
C4541 
7/9/93 

TOTAL METALS continued (mg/L) 

antimony < 0.0005 < 0.0005 

selenium <0.01 < 0.01 

thallium <0.0005 < 0.0005 

vanadium < 0.050 < 0.050 

zinc 0.067 

NON-METALS INORGANICS 

ammonia (mg/L) 0.44 0.69 

chloride (mg/L) 2.1 1.4 

total cyanide (mg/L) <0.01 <0.01 

nitrite + nitrate as N (mg/L) 0.11 1.2 

total organic carbon (mg/L) 0.99 1.3 

total organic halogens (TOX) (u.g/L) 20 29 

sulfate (mg/L) <1.0 2.1 

ORGANIC COMPOUNDS (u.g/L) 

acetone 7» <4.4* 

2-butanone <2 <2 

dichlorodifluoromethane 5 <2 

1,1-dichloroethane <2 <2 

1,1-dichloroethene <2 <2 

methylene chloride <2 <2 

tetrachloroethene <2 <2 

1,1,1-trichloroethane <2 <2 

trichlorofluoromethane 31 <2 

bis(2-ethylhexyl)phthalate 5** 7** 

phenol <10 <10 

Indicates that analyte was found in the associated blank as well as in the sample. 

indicates that the reported value is an estimate and that the analyte was found in the associated blank as well as in the 

sample. 

(Source: Meckelnburg 1993) 
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Appendix J: Water Analysis Scatter 
Diagram 
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Totti DISMlvM Km» 

Chlortd« vt Total Dlttolvod Ion* 

a 
•K-4 

MVM 
m 

1H-2 
SUtfACE ■ m ■ 

Totti Dtoowod Ion» 

Nitrat* v* Total Dlsiolvod Ion* 

■H-4 

Ml 

tfM-1 ■ 
■ 

MM« 
■ 

•H-2 

Totti Duohad lor« <<nso/L) 

Sodium v* Total Dlitolvad Ion* 

■ 
«M-2 

MM 
MM 

BH4 

tUUAcl                    - 

■ 

—-—a  
•M-* 

i- 
1 BH-J 

* 

«UWACE 

■*■    MVM 
•tw 

f 1* 1 U s 
Toot DttceMd kma 

Magnosium v* Total Olttolvod lont 

»49 

 K  
BH-I 

«H-J 

8M-4 

»M 
■ 

•MM 

■ 
SUKfäCE 

1 l« > U 1 
Total Diswt«<l tons 

Potattium vt Total Dlttolvod lont 

8*2 

m 
BH-J BH-4 

HUM 
tUKFMX — 

m 

Total CIsufcBd tain 

Sulfat* vt Total Dlstolvad lont 

■ 
*M-> 

ttu 
a 

«UMJtCE MWI 

 iWi ,    . 

■ 

Totti Dlssorjtd km» Tool DiMotod loo« 



USACERLTR-97/136 57 

Appendix K: Generalized Section, 
Muscogee to Randolph Counties 
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Appendix L: 1994/1995 Drilling Logs 

ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
nn ICMTRUU. anox SUTE » 
TUOE*. GEOWIA   3COM 
4M - 9M-OK9   FIX 9A-UC2 

I OH OF BORINO 

SHEET 1  OF Z 

cam/a® mra  as. ARMY cm. . EKING NO,-    B- 
PROJECT NAtffi      IANO FSR4 Pfffl.FCT. FT. RFNNINfi JC* NO.:    JOOWB 

DRILLER: BAILEY WARD, PIDMOlfT ENVIRONMENTAL DRILLING        RIG;    CME 55 

 GATE;    06/0/34 

LOGGED BY;       PDP 

ELEV. DESCRIPTION BETTH 
tl 

FEET 
SAMPLES 

NO. TYPE &0WS/6' BHffl. NOTES 

BROKEN ASPHALT 

SWO-FINE TO MEDIUM; DRY; DENSE) 
RED-ORANGE (COASTAL SEDIVCNT) 

-5 

SAMD-MEDIUM;DRY;F!RM:TAN- 
WWTE (COASTAU 

■» 

CLAY-STIFF, MCtST, GREY AHO 
SAH3-FIRU;TAN 

INTER3EDDED IN I* TO FLAYERS 
-20 

SAND-FI NEjDENSE0RY;WHITE-TAN 
(COASTAU •25 

-30 

-35 

-40 

-45 

CONTINUED PAGE 2 
-50 

7-22-23 I IS« 

11-14-15 

~z. 7-11-7 

7-10-9 

8-I6-Z0 

20-25-2« 

~z. 24-3Z-3E 

19-26-29 

B-23-IB 

D P-g-3 

X^?3-49-35 

16" 

K" 

13' 

15" 

14" 

16" 

IB- 

IB" 

16" 

LOCKING CAP 

SEIVETEST 

BEHTONITE SEAL- 

HYOROMETER TEST 
w=14.3X 
S.C=2.9 

SEI VE TEST 

? 

g 

Pis 

II 
■ 
r 
s 

1 

± 

CONTINUED PAGE 2 
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IHttl  2   W   C 
ADVANCED ENVIRONMENTAL MANAGEMENT, INC. 
m» NONTPCU QHai SUITE * 
njaEfceEwcw  scow 
4M - 39t-0*01   FAX J0MM2 

I (in OF BORING 

CONTRACTED ItTtt    ILS.MHYCEH  
PRtlFTT miff»     I m FARU PR0.FCT. n. fEffllNS 

 BORIHC Kb_fcl 

nmiLa; BAILEY SARD, PIEDMONT EWROfflrmi PRfLLiNS 

.JOB NO 
RIG:    CME55 

JQfilffl. MTFi    06/15/34 

ELEV. DESCRIPTION 
DEPTH n 

TR.CLAY;RED-TAN-»H!TE 

CUYi SAND; FIRM: MOIST; TAN 

(COASTAL) 

SAND-FINE; DENSE: DRY;TAN-KHITE 
COASTAU 

TRACE CUr; MOIST 

TUET 

•50 

55 

-60 

-65 

-70 

-7S 

-80 
^ 

■I 
* 
-85 

i 
-4 

-90 
-4 
■I 
4 
•4 

-95 

SAND-TTtCUY, ORGANIC UATTER 

BORING TERMINATED AT ID? 

SAMPLES' 

.LOGGED BYi    PDP 

NO-irffEIBLOIIS/S'lgiH 

no 

z 

-105 

z 
z 
z 
z 

z 
20 z 
21 

JO- 

15-15-26 

12-17-17 

17-23-2C » 

12-14-20 

5-5-7 

17-2V23 

IP 

14* 

13' 

IB' 

Zi-12-ZiW 

N0TE5 

I 

6-6-7 

13-0-18 

6-9-11 

M" 

16* 

16' 
22" 

SEIVETEST 

BEK70NITE SEAL- 
S.G.sZ.7 

HYDROMETER TEST 
S.G.=2.67 
*=20.6Z 

SETVETESr 
GR0UND1ATER AT 92* 

6-14-94 
TOP OF SAMP PACK 

TIP nr SCREEN 

SAKO PA«  

BOTTOM OF SCREEN 

K , = 1.8 X 10"4 cm/sac 
n=47'A S.C=2.61 
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ADVANCED ENVIRONMENTAL IrfANAGEMENT, INC. 
SHEET 1 OF 2 

rrm VCKIKXL carsr. am A 
TUCKER. GECRCU    JOTW 
«04 - ra-ogoa Fix gas-«M2 

LOS OF B3R1NC 

CONTRACTED BTH:    U.S. ARMY CERL .BORING N0j_fc2_ 

.JOB N0.i_JQQ14L PROFCT HAMft      1 AMI FARM PRftKT. FT. RFM1M  

DRILLER: 8AILEY WARD. PIEDHCNT ENVIRONMENTAL ERILLISG        RIG;    CME 55 

 DATE;    OS/WM 

LOGGED DY:       DLW 

El£V. OBCRJPTION DEPTH 
M 

FEfct 
SAitH^ NOTES NO. TYPE BLOKS/S' ray 

i 

■* 

-4 

H 
4 

-\ 
H 

-1 

-1 

H 

-1 

-1 

■4 

■4 

H 

■f 

■4 

4 

H 

* 

A 

A 

J 

■4 

H 

■( 

^ 
H 

SEI VE TEST 

SEI VE TEST 
w=4.02 

HYDROMETER 
w=K.1X 
SG.=2.r/ 

SQVETEST 
¥=9.6Z 

SAND-TR. CLAY^EDIUMldDS&BROWN 
(FILL) 

H 
H 
H 

1 s 2-H 12" 

SAND-FINE TO ME&FIRH TO OENSE: 
RED-BROWN CCOASTAU 
ff/TTO 3'CLAY SEAMS 

SOME CLAY 

TRACE CLAY 

-5 
-i 
H 
•4 
■4 

-*> 

H 

■4 

-B 
H 

-4 

-20 
-1 

-1 

-4 

H 

-25 ^ 
t 
H 
^ 
-30 

i 

-35 
■4 

H 

H 

-40 
4 

■4 

■« 

•4 

-45 
H 

H 

hi 

2 s 19-rr-B W 

3 y 8-13-M 16" 

4 s 8-10-10 18" 

5 / c-rr-rr 18' 

6 s 9-10-K 18* 

7 s 7-6-9 18" 

5 s 6-6-4 16" 

9 y 13-7-6 18' 

10 / D-B-X) IE" 

11 s 14-14-23 16" 
CONTINUED, SHEET 2 
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SREELLOF-l 
ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
IT» UOKTHEU. CIICLt SUITE A l   OG    OF    BDRl NG 
TUOHtCEaraA    »CM 
404 - 401-0505   FAX SM-8M2 

CONTRACTED Wim    1I.S.ARUY CERL 
wtYcrr HALT-     I AMI FARM PRD.FTT. FT. RFWNG 

.BORING N0j_t2_ 

_J06 N0.i_JQQ14L nATF.    (16/14/94 

DRILLER: RAIIFY MRDL PIEPSET FKHMHIFHTM. DRILLING BiGi    M 55 

ELEV. DESCHPTIO« 
TJEPTH 

CUY-flRMiMOISTiGREY ICOASTAU 

SAND-TR. CLAY; MEDIUM; TAM;  _ 
(COASTAU 44 

-NO CLAY 

BORING TERMINATED AT 8ff 

FEET 

50 

55 

-SO 

-65 

-70 

-75 

-BO 

SAMPLES 
NO. ITYPEI BLOWWTcm 

z 
z 

z 

z 

-85 

-90 

-95 

-WO 

-105 

B-IO-9 

25-17-10 

18-11-6 

5-2-3 

14-10-5 

IB* 

12" 

18' 

E« 

10' 

S-32-22 

LOCGED BY;    OLW 

NOTES 

S3 VE TEST 
*=3L8X 

GROUMMTER AT 10J3-UHM 

SEI VE TEST 
*=n.a 



62 USACERLTR-97/136 

smfci i u- c 
ADVANCED ENVIRONMENTAL MANAGEMENT, INC. 
I7J8 UOHTRUL CVKLE. 5UTTE A 
TICKER. 9ECROIA    300W 
404 - Ms-sat»   FAX so>-aa2 

CONTRACTED WITH!    U.S.ASMY CEW  

IOC OF BORING 

BORING HOJ    B-3 

PROJECT KAUE.      IAMI FARM PRfl.lFCT. FT. BFNNING .JOB NO.:_JD£Ma_ nATFi   nc/ff/q< 

DRILLSi RAH.fr HARD. PIEDUGWT ENVIRONMENTAL GRILLING RIG:' CME 55 LOGGED BY:       OLW 

ELEV. DESCRIPTION 
DEPTH 

H 
FEET 

5AMPLES MOTES NO. TYPE BLoms/s1 Bcgv 

4 
■4 
■i 
4 

4 
4 
4 
4 

4 
4 
4 
4 

4 
4 
4. 
■« 

-t 

4 
4 
4 

4 
4 
4 

-t 

4 
4 

H 
•1 

4 
4 
4 
4 

4 
4 
-1 
* 

4 

■i 
4 

H 

HYDROMETER 
w=23.2Z 

SE1VETEST 
¥=».47. 

SBVE TEST 
w=S.3Z 

SQVE TEST 
HYDROMETER 

w=f7.6X 

CLAY-V. STIFi MOTTLED'REIHMITE 

(COASTAD 

1 / 6-10-12 12" 

SAM3-TR. CLAY;FIRM TO DENSEi 
RED-6R0WN (COASTAL) 

TAN 

SOME CLAY: VERY DENSE 

SOI€ CLAY 

— 5 
-i 
H 
-1 
-4 

—v> 

H 
H 

-15 
4 
H 

4 

-• 
-20 
•4 
■4 

■4 

■4 

-25 
•4 

-4 

-< 
-30 
-* 
4 
4 
-1 

-35 
■i 
4 
4 
4 

-40 
4 
4 
4 
4 

H 
4 

£ s M-M-0 lb' 

3 S G-10-9 16" 

4 / 6-11-0 18* 

5 / 6-16-17 16" 

G S 8-KHO 18' 

7 / 18-49-43 18" 

8 / 28-55-49 15* 

9 s 20-13-K) IB' 

10 / 12-16-20 tt' 

11 / 9-n-M 16* 
CONTINUED. SHEET 2 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
R98 UWTOEU. CWCli SUITE Ä 
rUMtCEORGIA   JOOM 
404 - 901-0801   FAX JM-8802 

CONTRACTED imfc_UÜBffiJCEH  

SHEETJLCF_L 

I OG OF BORING 

.BORING NO--    8-3 

PROJECT KÄME:      I AND FARM PRfl.lFCT. FT. RFNNING .JOB HO..    .P0H8 DATFi    06/1S/94 

DRILLER: BAILEY KARO. PIEDMONT ENVIRONMENTAL DRILUMG RIG:    CME55 LOGGED BY:    DLf 

ELEV. DESCRIPTION 
DEPTH 

u 
1-bfc.l 

SAMPLES NOTES NO. TYPE BLOWS/E1 m 
-4 

4 
■1 

■i 

4 
1 

-I 

-I 
-4 

4 

1 

4 

4 

■f 

4 
4 

4 

4 

4 
4 

4 

■1 
-t 

H 

4 
4 
4 

4 

4 

4 
4 

4 

H 
4 
4 
4 

DENSE. RED-SROKN 

FIRM; TAN 

5" CLAY LAYER, MOIST 

SOME CLAY; DENSE; WET 

4 

4 
4 
4 

-55 
■1 
-t 
■t 
4 

-60 
4 
4 
4 
H 

-65 
4 
4 

4 
4 

-70 
4 
4 

4 

H 

-75 
4 
4 
4 

4 

-80 
4 

4 
4 

H 

-85 
hi 
H 
4 

-90 
■i 
4 
4 
4 

g5 

HYDROMETER 
w=3Q.tt 

SEIVE TEST 
w=i8.rc 

GROUNDWATER AT 815" 
AT BORING COWLETION 

12 / 22-23-19 16" 

Q s H-1M6 W 

U / 10-9-10 16' 

15 / 9-9-12 M' 

16 / B-10-11 12* 

17 / 12-7-9 18" 

m / 29-25-21 10* 

19 s 19-22-2C 6' 

20 / 4-9-10 5' 
BORING TERMINATED AT 95' 4 

4 

* 

-WO 
-< 
4 
4 

—105 
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SHEET!   OF 
ADVANCED ENVIRONMENTAL MANAGEMENT. INC 
mm UOHTKEM. CIR<ü surre A 
TUCKER. GEERCIA    300M 
404 - 9oa-oao9   FAX SQ8-«S02 

CONTRACTED' WITH:    U.S. ARMY CERI  

I 00 OF BORING 

.BORING NO-    B-4 
PROJECT HALF;      I AND FARU PRO.IFCT. FT. RRJNINC 
DRILLER; BAILEY WARP. PIEDMONT ENVIRONMENTAL DRILLING 

.JOB NO:_JßQ14JL 
RIG:    CME 55 

 DATE?    06/14/94 
LOGGED BY:        DLW 

ELEY. DESCRIPTION 
DEPTH 

n 
FtEr 

SAMPLES NOTES NO. TYPE BLOWS/61 tu« 

4 
■i 
^ 
4 

4 

4 

4 
4 
■1 

4 

4 
4 
4 
■4 

— 
4 
4 
4 
4 

■1 

4 
4 
4 

■i 
4 
4 
H 

4 
4 
4 

4 

4 

4 

4 

4 

1 
4 

4 

SO VE TEST 
w=B.BX 

SEIVE TEST 
HYDROMETER 

S.G.=2.75 

SAND-TR. CLAY; MEDIUI* LOOSE TO 
DENSE; TAN, RED-BROWN (COASTAL) 

-I 
■4 

■4 
■4 

-5 
4 
4 

4 
4 

-10 
4 
4 

t / r-2-7 12* 

2 / 6-14-13 18* 

3 ^ KM3-I7 16" 

CLAY-V. STIFF: RED-BROWN-CREY 
(COASTAb —s 

■4 
■4 

H 
■i 

4 / 9-1H3 18" 

5 y 15-24-19 12« 
SAND-FM TOUEDIUU: FIRM; GREY« 

WHITE, PINK 

TAN 

SOME CLAY 

NO CLAY 

4 
4 

4 
4 

-25 
4 
■4 

4 
t 
-30 

H 
4 
4 

-35 
4 

4 

4 
4 

-40 
4 

•4 

4 
4 

-45 
-1 

H 
-1 

H 

6 s 6-7-7 16" 

7 / 7-10-9 14' 

8 / 9-13-13 18' 

9 / 6-9-11 18' 

10 / 7-9-7 18' 

U / Vr-W-8 16" 

CONTINUED. SHEET 2 
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$HEU_OF_L 
ADVAKCED ENVIRONMENTAL MANAGEMENT. INC. 
RSayOKTIEAL ORCU. SUITE A 
TUXER, SEORSW   300*4 
4M - «»-000*  FAX *oa-tso2 

1 OG QF BORING 

CONTRACTED «TU;    US. ARMY CFJ8  
PHIMTT mur,     l A»1 FARM PR0.1FCT. FT. RFNNING 

. BORING NO-: _M_ 

nRlllFRi HAIIFY WARD. PIEDMONT FMV1R0WENTAL DRILLING 

.JOB NO. 

RIG:    PC 55 

JOOMB nATF.   OS/H/«M 

LOGGED BYi    DLW 

Q£V. DESCRIPTION 
UPTiT a 
FEET 

TR.CLAY -55 

CLAY-SOME SAND: V. STIFF; GREY= 
WHITE (COASTAL) 

SAW-TRACE CLAYi FINE: FIRM: WET; 
TAN (COASTAU 

BORING TERMINATED AT 65' 

50 

SAMPLES 
NO. TYPE BLOWS/6' EOT, 

■60 

-65 

-70 

■i 
^ 
-75 

-I 
4 

-80 

-85 
4 

-30 

-95 

-WO 
4 

-W5 

z 
z 

14 z 

9-9-» 

6-9-12 

5-6-10 

18* 

IB- 

IB" 

NOTES 

SB VE TEST 
HYDROMETER 

*=3SZ 
GROUJCITATER AT 58* 
AT BORING COMPLETION 
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Appendix M: Geologic Description of 
Borings 

Samples described by Marilyn Weiss. October 1994 
Color Descriptions from Geological Society of America Rock-Color Chart, 1963. All depths refer to depth below surface. 

Bed# Depth 

Surface 

5 ft 

10 ft 

15 ft 

15 ft 

35 ft 

40 ft 

BORING 1 (MW-1) 

Sample No. 

1 

Description 

Clayey sand, light brown (5 YR 5/6), fine grained, subangular quartz, micaceous, 
some white material (possibly gypsum) 

Sand, grayish orange (10 YR 7/4), medium to fine grained, subangular to sub- 
rounded quartz, micaceous, slightly carbonaceous, come clay aggregates. 

1 inch clay layer variegated in color greenish gray (5 GY 6/1), dark yellowish 
orange (10 YR 6/6), and dark reddish brown (10 R 3/4), micaceous. 

Clayey sand, light brown (5 YR 5/6), medium to fine grained, subangular quartz, 

micaceous 

1 inch of clay layer, light greenish gray (5 GY 8/1), banded by dark reddish brown 
(10 R 3/4), micaceous 

Sand, moderate brown (10 YR4/4), medium grained subangular quartz, micaceous, 
small ferruginous clay nodules. 

Clayey sand, grayish orange (10 YR 7/4), medium to fine grained, subangular to 
subrounded quartz, micaceous 

Clayey sand, very pale orange (10 YR 8/2), minimally mottled with moderate 
brown (5 YR 4/4) and dark yellowish orange (10 YR 6/6) fine grained, subrounded 
quartz, small pieces of mica. 

Clayey sand, dark yellowish orange (10 YR 6/6) minimally mottled with very pale 
orange (10 YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, 
small pieces of mica 

Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 

pieces of mica. 

Narrow layer of clay, less than one-half inch, light olive gray (5 Y 6/1). 

Sand, very pale orange (10 YR 8/2), fined grained, subangular, quartz, large pieces 
of mica, small clay aggregates comprising less than 2 percent 
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BORING 1 (MW-1) continued 

Bed# 

11 

Depth 

45 ft 

55 ft 

60 ft 

65 ft 

85 ft 

90 ft 

95 ft 

100 ft 

Sample No. 

10 

11 

12 

14 

15 

16 

17 

19 

20 

21 

Description 

Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, clay fer- 
ruginous nodules of darker color moderate brown (5 YR 3/4), some mica. 

Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

Clayey sand, mostly moderate brown (5 YR 4/4) mottled with dark yellowish 
orange (10 YR 6/6) and the darker moderate brown (5 YR 3/4), fine grained, sub- 
rounded quartz, clay ferruginous nodules of the darker colors, some mica. 

Sand, grayish orange (10 YR 7/4), medium to coarse grained, poorly sorted, suban- 
gular quartz, micaceous, small darker aggregates of quartz, clay, and mica 

Clayey sand, heavily mottled with moderate reddish orange (10 R 6/6), moderate 
red (5 R 4/6), dark yellowish orange (10 YR 6/6), moderate brown (5 YR 4/4), and 
very pale orange (10 YR 8/2), medium to fine grained subangular quartz, mica- 
ceous, ferruginous clay nodules of darker colors. 

Clayey sand, mostly dark reddish brown (10 R 3/4) mottled with moderate reddish 
brown (10 R 4/6), moderate reddish orange (10 R 6/6) and traces of dark yellowish 
orange (10 YR 6/6) medium to fine grained, subangular quartz, ferruginous clay 
nodules of darker colors. 

Sandy clay, light brown (5 YR 5/6), medium to fine grained subangular quartz, 
micaceous, clay aggregates. 

Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4), fine grained, subrounded quartz, small 
pieces of mica. 

Sand, grayish orange (10 YR 7/4), coarse to fine grained, subangular to subrounded 
quartz, micaceous, poorly sorted, some small clay aggregates. 

Clayey sand, dark yellowish orange (10 YR 6/6), fine grained, subrounded quartz, 
micaceous. 

Silty sand, mottled light gray (N 7) and medium dark gray (N 4), very fine grained, 
quartz, micaceous, with large pieces approximately 1 to 2 cm in length of organic 
matter (carbonize). 
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BORING #2 (BH-2) 

Bed# Depth Sample No. Description 

l Surface 1 Sand, white (N 9), subangular quartz, medium to fine grained, some small clay 
aggregates. 

2 5ft 2 Sandy clay, moderate reddish brown (10 R 4/6), with mottlings of dark yellowish 
orange (10 YR 6/6) and moderate brown (5 YR 4/4), medium to fine grained, suban- 
gular quartz, ferruginous, micaceous 

3 10 ft 3 1 inch clay layer variegated in color greenish gray (5 GY 6/1), dark yellowish 
orange (10 YR 6/6) and dark reddish brown (10 R 3/4), micaceous. 

Clayey sand, dark yellowish orange (10 YR 6/6) and heavily mottled with moderate 
brown (5 YR 4/4), very pale orange (10 YR 8/2), and some pale reddish brown (10 
R 5/4), medium to fine grained subangular quartz, micaceous, some clay aggregates 
of darker colors. 

4 15 ft 4 Sand, white (N 9), fined grained, subangular, quartz, very micaceous, some clay 
aggregates and quartz darker in color comprising less than 2 percent. 

5 20 ft 5 Sand, pale red (10 R 6/2), medium grained subangular quartz, micaceous, some 
small clay aggregates. 

6 25 ft 6 Clayey sand, grayish red (5 R 4/2) mixture of ferruginous clay nodules of very 
dusky red purple (5 RP 2/2) surrounded by a mixture of grayish red purple (5 RP 4/ 
2) and dark yellowish orange (10 YR 6/6) medium grained subrounded quartz. 

7 30 ft 

40 ft 

7 Clayey sand to sandy clay, dark yellowish orange (10 YR 6/6), clay layers of green- 
ish gray (5 GY 6/1), variegated with dark yellowish orange (10 YR 6/6), fine 
grained, subrounded quartz, small pieces of mica. 

8 Clayey sand to sandy clay, light brown (5 YR 5/6), fine grained quartz, micaceous. 

9 Clayey sand to sandy clay, dark yellowish orange (10 YR 6/6), mottled with very 
pale orange (10 YR8/2) and moderate brown (5 YR4/4), fine grained, subrounded 
quartz, small pieces of mica. 

8 45 ft 10 Sand, white (N 9), medium grained, subangular, quartz, micaceous, some clay 
aggregates darker in color and comprising less than 2 percent. 

9 50 ft 11 Clayey sand to sandy clay, dark yellowish orange (10 YR 6/6), mottled with very 
pale orange (10 YR8/2) and moderate brown (5 YR4/4), fine grained, subrounded 
quartz, small pieces of mica. 

12 Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

13 Clayey sand, very pale orange (10 YR 8/2), mottled with moderate brown (5 YR 4/ 
4) and dark yellowish orange (10 YR 6/6) fine grained, subrounded quartz, small 
pieces of mica. 
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Bed# 

9 
cont'd 

10 

12 

Depth 

65 ft 

70 ft 

75 ft 

80 ft 

Sample No. 

14 

15 

16 

BORING #2 (BH-2) continued 

17 

Description 

Clayey sand to sandy clay, light brown (5 YR 5/6) mottled with dark yellowish 
orange (10 YR 6/6) and moderate brown (5 YR 3/4), 2 inch layer of clay, medium 
grained quartz, micaceous, some clay aggregates darker in color. 

Sand light brown (5 YR 5/6) medium to coarse grained subangular quartz, small 
clay aggregates darker in color, micaceous. 

Clayey sand, dark yellowish orange (10 YR 6/6) medium to coarse grained suban- 
gular quartz, some clay aggregates. 

Sand, white (N 9), coarse to medium grained subangular to subrounded quartz, 
small clay aggregates of darker color. 

Bed# Depth 

Surface 

5 ft 

10 ft 

15 ft 

20 ft 

25 ft 

30 ft 

Sample No. 

BORING #3 (BH-3) 

Description 

Clay, micaceous, variegated greenish gray (5 GY 6/1) with light brown (5 YR 5/6), 
with some dark reddish brown (10 R 3/4), micaceous, some quartz 

Sand, grayish orange (10 YR 7/4), medium to very fine grained, subangular to sub- 
rounded quartz, micaceous, some small clay aggregates darker in color. 

Sand, very pale orange (10 YR 8/2), medium to fined grained, poorly sorted, suban- 
gular, quartz, very micaceous with some large pieces of mica, some clay aggregates 
darker in color and comprising less than 2 percent 

Clayey sand, pale red (10 R 6/2). fine grained to very fine grained, subangular to 
subrounded quartz, micaceous 

Clayey sand, pale red (10 R 6/2). fine to very fine grained, subangular to subrounded 
quartz, micaceous, with clay nodules of grayish red purple (5 RP 4/2). 

Clayey sand, dark yellowish orange (10 YR 6/6). mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

Clayey sand, pale red (10 R 6/2), fine grained, subangular quartz, micaceous, clay 
aggregates in darker colors. 
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BORING #3 (BH-3) continued 

Bed# Depth Sample No. Description 

7 35 ft 

45 ft 

8 Clayey sand, light brown (5 YR 5/6) with mottlings of moderate red (5 R 4/6), dark 
yellowish orange (10 YR 6/6), and moderate brown (5 YR 4/4). fine grained, sub- 
rounded quartz, small pieces of mica. 

9 Clayey sand, mostly moderate brown (5 YR 3/4) with mottling of light moderate 
brown (5 YR 4/4), fine grained, subrounded quartz, ferruginous, small pieces of 
mica. 

10 Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

8 50 ft 11 Sand, dark yellowish orange (10 YR 6/6), medium to fine grained, poorly sorted, 
subrounded to subangular quartz, micaceous, clay aggregates of 1 to 2 mm in size. 

9 55 ft 12 Clayey sand, moderate reddish brown (10 R 4/6), fine grained, subangular quartz, 
ferruginous, small pieces of mica. 

10 60 ft 

cont'd 

13 Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

14 Clayey sand, dark yellowish orange (10 YR 6/6), mottled with very pale orange (10 
YR8/2) and moderate brown (5 YR4/4) fine grained, subrounded quartz, small 
pieces of mica. 

15 Clayey sand to sandy clay, light brown (5 YR 5/6) mottled with dark yellowish 
orange (10 YR 6/6) and moderate brown (5 YR 3/4), 2 inch layer of clay, medium 
grained quartz, micaceous, some small clay aggregates of darker colors. 

16 Clayey sand, light brown (5 YR 5/6).fine grained quartz, micaceous, ferruginous. 

10 80 ft 17 Clayey sand to sandy clay, dark yellowish orange (10 YR 6/6) mottled with light 
brown (5 YR 5/6) and moderate brown (5 YR 4/4), fine grained quartz, clay aggre- 
gates, some small pieces of mica. 

11 85 ft 18 Sand, very pale orange (10 YR 8/2), fined grained, subangular. quartz, large pieces 
of mica, small clay aggregates of darker colors comprising less than 2 percent 

12 90 ft 

95 ft 

19 Clayey sand, small layer of grayish red purple (5 RP 4/2) mostly light brown (5 YR 
5/6) with mottlings of very pale orange (10 YR 8/2) and dark yellowish orange (10 
YR 6/6), fine grained, subangular to subrounded quartz, micaceous 

20 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) and moderate brown (5 YR 4/4), fine grained, subrounded quartz. 
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BORING #4 (BH-4) 

Bed# Depth Sample No. Description 

l Surface 

15 

1 Sandy clay, moderate brown (5 YR 4/4), subrounded quartz, fine grained. 

2 Sandy clay, moderate brown (5 YR 4/4), with striations of greenish gray (5 GY 6/1), 
subrounded quartz, fine grained. 

3 Sandy clay, moderate brown (5 YR 4/4), with striations of greenish gray (5 GY 6/1), 
subrounded quartz, fine grained. 

4 Clay, very light gray (N 8) with dark yellowish orange (10 YR 6/6) striations with 
moderate brown (5 YR 4/4) clayey sand fine grained, subangular to subrounded 
quartz, micaceous. 

3 20 ft 

25 ft 

5 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) and moderate brown (5 YR 4/4), fine grained, subrounded quartz. 

6 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) and moderate brown (5 YR 4/4), fine grained, subrounded quartz. 

4 30 ft 7 Sand, white (N 9), fine grained, subangular, quartz, very micaceous. 

5 35 ft 

40 ft 

8 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) moderate brown (5 YR 4/4), and some moderate reddish brown (10 R 4/6) 
fine grained, subrounded quartz. 

9 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) and moderate brown (5 YR 4/4), fine grained, subrounded quartz. 

6 45 ft 10 Sand, very pale orange (10 YR 8/2), medium grained, subangular quartz, mica- 
ceous, small clay aggregates. 

7 50 ft 

55 ft 

11 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) and moderate brown (5 YR 4/4), fine grained, subrounded quartz. 

12 Clayey sand, dark yellowish orange (10 YR 6/6) mottled with very pale orange (10 
YR 8/2) moderate brown (5 YR 4/4), and some moderate reddish brown (10 R 4/6) 
fine grained, subrounded quartz, small pieces of mica 

8 60 ft 13 Sand, light brown (5 YR 6/4) poorly sorted, coarse to medium grained subangular to 
subrounded quartz, micaceous, clay aggregates. 

9 65 ft 14 Clay, mottled dark yellowish orange (10 YR 6/6) with greenish gray (5 GY 6/1), 
micaceous. 



72 USACERLTR-97/136 

Appendix N: Grain Size Analysis 

ADVANCED ENVIRONMENTAL MANAGEMENT. INC 
IT«! MONnCU. ONOCSUITE A 
TUCKER. CEORCIA   300« 
404 - 808-040»   Ftt 90M802 

CONTRACTED WITH:. 
PROJECT NAME: _ 

^.ARMTCm 
FT.millMfilfllMflM .JOB NOJ. JQQML 

SAMRFIJJ   IH. 5-7 

 0ATE:_fiZ2QZSL 

100 

90 

70 

60 

50 

40 

30 

20 

10 

100 10      5   3 2      i at 
GRAIN SIZE, MILLIMETERS 

GRAVEL SAND FINES 

COARSE FINE COARSE MED1LB4 FINE SILT CLAY 

LLS. STANDARD SIEVES 
4         K)      20     40  60   WO   200 

1   ^'S 
. v \     i 

i        i \f 
I                  1 \ i 
•      ; 
l            ; 

;           ; T 
;           ; 

\ 
•        • 1* V*    '• 
I     j I K; 

0.01 0.001 

PERCENT PASSING:  «4 

•10 

MO 

«60 

•!00 

•200 

100 z 

100 

74.2 

215 

7.4 
05 

SOIL DESCRIPTION« 

USCS CLASS: 

SOIL ORIGIN: 

SOIL COLOR: 

SPECIFIC GRAVITY: 

MEDIAN SIZE D50I 

SAW) 

SP 
COASTAL SEDIMENT 

RED-ORANGE 

021MU 

GRAIN SIZE CURVE 
MECHANICAL SFJVE 

LAB TECH« JERRY JOHNSON CHECKED BYi PIET DEPRFJE, PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
TTM MWfTHEAL OKU.SUITE A 
TUCKEt CEBRSIA   300*4 
404 - 909-OJM   FAX 9M-U02 

CONTRACTED WITH:. 
PROJECT NAME:  

H5.ARMYCERL 
n.RFWINfilANOFARM .JOB N0.r J00148 

SAMPLE Uk   B-I.S-5 

 DATE:_fiZ2QZ2L 

100 

90 

§ 70 

äs €0 

S 50 
540 

S 30 

20 

ro 

100 

GRAVEL SAND FINES 

COARSE FINE COARSE MEDIUM           FINE SILT CLAY 

tLS. STANDARD SIEVES 
4         10      20     40  GO   100   2C 0 

,     ; i 

; 

i         • * 

JO       5    3 2       1 0.1 
GRAIN SIZE, MILLIMETERS 

0.01 0.001 

SOIL DESCRIPTION: 

USCS CUSS- 

SOIL ORIGIN: 

SOIL COLOR« 

SPECIFIC GRAVITY: 

MEDIAN SIZE 1050) 

SAND-CLAYEY 

SC 

COASTAL SEDIMENT 

TAN 
2.9 

N/A 

GRAIN SIZE CURVE 
HYDROMETER ONLY 

LABTEDfc JERRY JOHNSON OKKEDBY: PIETDEPREE.PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
mi ICNTFEM. D SOX SUITE A 
TUCKER. CEORSM   30084 
4M - 906-OM»   FiX M-UQ2 

CWTRACTED WITH:. 

PROJECT NAME:  

tLS.ARMT CERL 

FT.BF)MHB UMMHM .JOB NO.: J0O148 
.SAMPl£ IJDLS  B-l.S-3 
 nATF-     fi/TO/M 

100 

90 

80 

1 70 

S 60 

|so 
I« 
S 30 

20 

10 

0 
100 

GRAVE 

COARSE FINE 

SAM) 

COARSE UEDIUU FINE 
US. STAND ARD SIEVES 
10      ZO     40  60   100   200 

3 

10      5   3 2       1 0.1 
GRAIN SIZE, MÜUUETERS 

FINES 

SILT CUY 

0.01 0.001 

PERCENT PASSING:  «4 

«10 

»40 

»60 

«100 

«200 

100 z 

100 

83.3 

29.2 

5.8 

08 

SOIL DESCRIPTION 

USCS CLASS: 

SOIL ORIGIN: 

SOIL COLOR: 

SPECIFIC GRAVITY: 

MEDIAN SIZE CD50) 

SAND 

SP 

COASTAL SEDIMENT 

WHITE-TAN 

03 MU 

GRAIN SIZE CURVE 
MECHANICAL SE1VE 

LAB TECH: JERRY JOHNSON OKKEDBYi PIETDEPREE.PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT, INC. 
tJS8 MONTREAL CIRCLE, SUITE * 
TUCXER. CE0R5U   300*4 
404 - 904-0803   MX KM-U02 

CONTRACTED WITH:. 
PROJECT HAMü  

U&AffffCEHL 
FT.BffMHfilAMrARM .JOBNOJ. JQQML 

.SAMPLE I,0:J1H. 
 MTB_£flflflL 

100 

90 

80 

70 

SO 

50 

40 

30 

20 

10 

0 
100 10 5    3 2 1 0.1 

GRAIN SIZE, MILLIMETERS 

PERCENT PASSING: »4 BO 2 SOIL DESCRIPTION: 

»in 99.2 USCS CLASS: 

•40 60.4 SOIL ORIGIN: 

«en 27.7 SOIL COLOR« 

«mo 8.5 SPECIFIC GRAVITY: 

•TOO L2 MEDIAN SIZE C0501 

GRAVEL SAM} FINES 

COARSE FINE COARSE MEDIUM           FIIC SILT CLAY 

OS. STANDARD SIEVES 
4         X)      20     40   60   100   200 

r^s i ; 

■     N 
\-- 

\ 
;      i \ 

\ 

\ 
; •         : 

Ü 
i        ■ x ;> 

\!   j 

i     i : K.i 
0101 0.001 

SAND-TRACE CLAY 

SP 

COASTAL SEDIMENT 

RED-TAN-WHITE 

0.35 MU 

GRAIN SIZE CURVE 
MECHANICAL SQVE 

LAB TEOt JERRY JOHNSON CHEOEOBYs P1ET DEPREE,PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC 
tna MONTREAL OBOE, SUITE A 
lUOEHCEORCU   30081 
404 - 904-040»   FAX 904-MCB 

CONTRACTEO WTH:. 
PROJECT NAME?  

U&MMrCHL 
FT.HFHNffC LAMFAmr .JOB NO: J00148 

JAMPLEIAäJfcLSdfi. 
 DATE*    a/mru 

to 
90 

§ 70 

as 60 

i 50 
g« 
§ 30 

20 

TO 

BO W       5    3 2       l 0.1 
CRAM SIZE, MILLIMETERS 

GRAVEL SAH) FINES 

COARSE FINE COARSE WEDIIA I           FINE SILT CLAY 
ILS. STANDARD SIEVES 

A         JO      20     40  GO   tOO   200 
: ' 

;            ; 

!        : , 
:         ; 

""  "N, 

;         ; 

0.01 0.001 

SOIL DESCRIPTION: 

USCS CUSS: 

SOIL ORIGIN: 

SOIL COLOR: 

SPECIFIC GRAVITY: 

SAND-SOME CLAY 
SC 

COASTAL SEDIMENT 

TAN-WHITE 
2J5T 

GRAIN SIZE CURVE 
HYDROMETER ONLY 

LAB TED* JERRY JOHNSON DECKED BYs PIETOEPREEPJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
(TM MCKTTEAL dRGLCSUUE A 
TU0ER.C8XKU   3COM 
404 - SOS-MO»   fiX 9OI-W02 

CONTRACTED WITH:. 
PROJECT KAUE:_ 

ILS.ARUYCERL 

FT.RFWffBltfnFIHM .xewxi. JQOMS 
JAJJPLE I.Dj_MiiH. 
 HAT&     6/70/94 

I» 

90 

BO 

§ 70 

S 60 

i» 
s 40 

E 30 

20 

» 

0 
100 

GRAVEL 

COARSE RUE 

SAND 

COARSE] MEDIUM HNE 
ULS. STANDARD SIEVES 

10       5    3 2       1 0.1 
GRAIN SIZE, MILLIMETERS 

ONES 

SILT CUY 

4 10      20 40  60 »0   2p0 
* : s^s : i 

i     N 

\    i 
•        i \  i 

A j 

Ai 
v- 
\ 

;           ; :\ 

V1   j 

:        • K.i 
0.01 0.001 

PERCENT PASSING:  «4    _ DO Z SOIL DESCRIPTION! 

»10  _ 314 USCS CLASS: 

»40 . 56.5 SOIL ORIGIN: 

«GO . 25.1 SOIL COLOR« 

•100. 15 SPECIFIC GRAVITY: 

«200. 2.0 UEDIAN SIZE (0501 

SAND-TRACE CUY 

SP 

COASTAL SEDIMEHT 

TAN-WHITE 

0.35 MM 

GRAIN SIZE CURVE 
«ECHANICAL SQVE 

LAB TECH: JERRY JOHNSON RECKED BY: HET DEPREE.PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
rrae MOKTREAL CIRCLE, sum * 
TUCKER. CEDRSIA   ZOOM 
404 - MS-M03   FAX 90S-MQZ 

CONTRACTED WITH:. 

PROJECT NAVE:  

HS.ARMYCERL .SAMPLE IJ)i_fiüL 
FLRFWlNfilAMFARM .JOBNOJ. JQ0M8 _DATE:_6Z2ßZ2t. 

DO 

90 

80 

70 

€0 

SO 

40 

30 

20 

B 

0 
too                   10 5    3 2 1 ai 

GRAIN SIZE,UIJUUETERS 

PERCENT PASSING:  »4   . 100 Z SOIL DESCRIPTION: 

*I0  . 39.6 USCS CLASS: 

•40 _ 85,2 SOIL ORIGIN: 

»SO _ 64.4 SOIL COLOR: 

»I00. 4S.I SPECIFIC GRAVITY: 

«200. 36.0 MEDIAN SIZE KOI 

GRAVEL SAND FINES 

COARSE FINE COARSE l£D!UM           FINE SILT CLAY 
ILS. STANDARD SIEVES 

4         10      20     40  60   100   200 

. '• 
J     "**** . ! ; • 

 L_ 

\ 
i; 

;           ; 
\ 

!           '. 
t 

M   i K i S   i 
:    ' : 

■     ■ j :      i 

t           * •           ■ : * 

j     i : 

0.01 

SAND-SOME CLAY 

0.001 

SC 

COASTAL SEDIMENT 

BROWN 

0.17 MM 

GRAIN SIZE CURVE 
MECHANICAL SDVE 

LAB TEW JERRY JOHNSON CHECKED BYi MET DEPREE.Pi 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
ITM MOHTflEAL. aROCSUME * 
TUCXEK. CECRCIA   30094 
4M - SCMMt   FAX »0MM2 

CONTRACTED WITH:. 
PROJECT NAME: _ 

ILS.ARUYCERL 
FT.REWINEIAMfARM .joe NO.! JQQ148 

.SAMPLE LDJ   B-7.IH 
DAT5     6/70/94 

no 
90 

80 

g 70 

fe 60 

Iso 

-30 

20 

1) 

0 
100 

GRAYEL 

COARSE FINE 

SAM) 

COARSE MEDIUM F1I€ 

LLS. STANDARD SIEVES 

10       5    3 2        1 0.1 
GRAIN SIZE. MILLIMETERS 

FINES 

SILT HAY 

4 10      20 40   SO   100   20 10 
r~*~T 
•        i \ 

:         ■ 

•      ; 

1 
;        : \ !   ! 

\i ! 
\ 

0.01 0.001 

PERCEKT PASSING: »4 100 X 

»m to 

■40 94.7 

•fiO 54.5 

•inn 27.4 

■200. B.7 

SOIL DESCRIPTION: 

USCS CLASS; 

SOIL ORIGIN 

SOIL COLOR: 

SPECIFIC GRAVITY: 

MEDIAN SIZE (050) 

SATO-SOME CLAY 

SC 

COASTAL SEDIMENT 

RED-flROWN 

0.14 MM 

GRAIN SIZE CURVE 
MECHANICAL SAVE 

LAB TEE»! JERRY JOHNSON CHECKED BY: P1ETDEPREE.PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
IT« waNncAL omtsuiTE i 
Tuam.ero«iA 300*4 
404 - JO»-0«09   FAX «»-««02 

CONTRACTED UlTtfc, 
PROJECT KA)fc_ 

US. WOT BW. 
FT.HFMIfflBiAHnFfflH .JOB NO.i. JMH8 

.SAMPLE IJL-_Büi 

 DAT&_£Z2QZ2L 

»0 

30 

80 

| 70 

fe €0 

g 40 

E 30 

20 

V 

0 
too 

GRAVEL 

COARSE FINE 

SAND 

COARSE MEDIUM FIIC 
US. STANDARD SIEVES 
10      20     40  60   100   200 

»5321 0.1 
GRAIN SIZE. MILLIMETERS 

FINES 

SILT CLAY 

0.01 0.001 

SOIL DESCRIPTION: SAND-SOME CLAY 

USCS CUSS: SC 

SOIL ORIGIN] COASTAL SEDIMENT 

SOIL COLOR: WHITE-GREY 

SPECIFIC GRAVITY: 2.9 

MEDIAN SIZE (WOO N/A 

GRAIN SIZE CURVE 
HYDROMETER ONLY 

LAB TED* JERRY JOHNSON CHECKED BYi PIETDEPREE,PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
traa MONTREAL anas, SUITE A 
TUCKER, CEORSIA    30014 
4M - «0S-OIQ9   FAX M-U02 

CONTRACTED WIT*. 
PROJECT NAME:  

OS.ARMrCEPl 
FT.RFNNINRIANnFARM .JOB NO.!. JQOHft 

SAMPLE 1.DJ   R-7.M0 
 MTFt     6/70/94 

100 

90 

80 

70 

60 

50 

40 

30 

20 

100 10 3 2        1 0.1 
GRAIN SIZE, MILLIMETERS 

GRAVEL SAM) FINES 

COARSE FINE COARSE MEDIUM            FINE SILT CLAY 

ILS. STANDARD SIEVES 
4         10      20     40  60   100   2C4 ) 

•   i :    N 
:        : 

* 

\ v 
--U •                > 

--i — 

•        • 

;            ; 
•   \ 

i        i 

;         ; . 

101 0.001 

PERCENT PASSING: «4   . 100 Z SOIL DESCRIPTION: 

«10  _ 100 USCS CLASS: 

«40 _ 43.8 SOIL ORIGIN: 

"GO _ 7.8 SOIL COLORi 

«100 _ 2.1 SPECIFIC GRAVITY: 

■200 _ 14 MEDIAN SIZE IDSO) 

JMSL 
SP 

COASTAL SEDHOT 

RED-flROWN 

0.41 UM 

GRAIN SIZE CURVE 
MECHANICAL SQVE 

LABTECH: JERRY JOHNSON CHECKED BY: RET DEPREE.PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
tm MONTfEAL HHOtSUlTE A 
TUCKER, CEORCW    300*4 
404 - «OB-0409   MX 90*48)2 

CONTRACTED WITH:. 
PROJECT NAMEs  

aS.ARMTCERL 
FT. BFTHING IANDFARM _J06 NO.i. JQQ13L 

.SAMPLE U>J   R-7, t-w 

 DATE!_fiZ2QZ3L 

V» 

90 

BO 

70 

60 

50 

40 

30 

20 

JO 

0 

GRAVEL SAND F1MES 

COARSE FlhE COARSE MEDIUM           FINE SILT CLAY 
ULS. STANDARD SIEVES 

4        TO      20     40  60   100   200 
■! :      'I ■ 

»                > 

•                J V 
;      i \ 

. 1 • 

i 
\ 
■\ •    ■ 

k :       : 

\ ! 

N   ! 
100                         10 5    3 2 1 0.1 

GRAIN SIZE. MILLIMETERS 

PERCENT PASSING:  «4    . DOZ SOIL DESCRIPTION« 

•10  . 99.0 USCS CLASS: 

•40 . 78.7 SOIL ORIGIN: 

•GO _ 39.6 SOIL COLCfe 

•100 _ 10.4 SPECIFIC GRAVITY: 

•200. 25 MEDIAN SIZE CDSO) 

0.01 

SAND-TRACE CLAY 

0.001 

SP 

COASTAL SEDIMENT 

TAN 

03 MM 

GRAIN SIZE CURVE 
UECHANICAL SBVE 

LAB TECH: JERRY JOHNSON CHECKED BY: PIET OEPREE. PJL 



USACERLTR-97/136 83 

ADVANCED ENVIRONMENTAL MANAGEMENT. INC 
TT90 MCNTTEU. BKLE.S11E A 
TUCKER. CEDfWU   300(4 
404 - 909-0*09   FAX 90B-U02 

CONTRACTED WITfc. 
PROJECT NAUEi  

05.APMTCERI. 
FT.BFNWWfllAMyARM .JOB NO.!. J00148 

-SAMPLE IJ)J-BÜIL 
 DATS    S/ZP7H 

100 

90 

BO 

§ 70 

äs 60 

S 50 

S * 
§ 30 

20 

10 

0 
100 

GRAVEL 

COARSE FINE 

SAND 

COARSE MEDJLU FINE 
ILS. STANDARO SIEVES 

10       5    3 2       1 0.1 
GRAIN SIZE. WIliyETERS 

nics 

SILT CUY 

4 K>      20 40 60 100   200 

:        : 

i        ; 
■ 

. 

;          ; 

I —\ 

:        : \ * 

'V v;     ; 

i 
0.01 0.001 

PERCENT PASSING:  M   _ HW 2 

«10  _ 39.7 

»40 _ 34.1 

»60 _ T7.0 

»100 _ «M 
»200 _ 05 

SOIL DESCRIPTION: 
USCS CUSS: 

SOIL ORIGIN: 

SOIL COLOR: 

SPECIFIC GRAVITY: 

MEDIAN SIZE 1D50) 

SAND 
SP 

COASTAL SEDIMENT 

TAN 

0.48 MM 

GRAIN SIZE CURVE 
MECHANICAL SEIVE 

LAB TECH: JERRY JOHNSON CHECKED BY: PIET DEPREE, PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
TIM MONTREAL OKU, SITTE A 
TUCKER CECRSIA   300*4 
404 - 900-080*   FAX 900-WOZ 

CONTRACTED WITH:. 
PROJECT NAME:  

U.S.ARMY CERL 
FT. BfMNING I AMTFARM .JOB NO.: J00148 

.SAMPLE LD--   B-1S-1 

 DATE-     6/20/94 

100 

90 

m 7o 
as 60 

I 40 
= 30 

20 

10 

100 10      S   3 2      i 0.1 
GRAIN SIZE. MILLliETERS 

GRAVEL SAM) FINES 

COARSE FIJ£ COARSE MEDIUM           FINE SILT CUY 
ILS. STAMM) SIEVES 

4         10      ZO     40  60   100   200 

»   ; •        "I 
j     i 
1        j 
j        | 

•        I "V 
:        | ^ 
!     j \ 

|     | 

|     j 
!       ] 

0.01 0.001 

SOIL DESCRIPTION!     _ CLAY-SANDY 

USCS CLASS: a 
SOIL ORIGIN: COASTAL SEDIMENT 

SOIL COLOR: RED-WHITE MOTTLED 

SPECIFIC GRAVITY: 2.T 

UEDIAN SIZE ESO) N/A 

GRAIN SIZE CURVE 
HYDROMETER ONLY 

LABTEDfe JERRY JOHNSON CHECKED BY: PIET DEPREEPJL 



USACERLTR-97/136 85 

ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
IT» UCNTTCU. CIRCLE. SUITE A 

TUCKER. GEORGIA   300M 
«M - sos-oaos FAX *»-sac2 

CONTRACTED WITH:. 

PROJECT NAME: _ 
ttS.WW CERL 

FT.BFNMINCIANnFARM .JOB K0.I. ■BOI« 

.SAMPLE IJ).;   B-ftS-il 
 DATFi     6/70/94 

XX) 

90 

SO 

70 

60 

50 

40 

30 

20 

10 

0 
BO 10 5    3 2 1 0.1 

GRAIN SIZE, MILLIMETERS 

PERCENT PASSING: »4 BOZ SOIL DESCRIPTION: 

«W 95.8 USCS CLASS: 

»40 87.1 SOIL ORIGIN; 

•so 37.2 SOIL COLOR: 

«MO 9,1 SPECIFIC GRAVITY: 

•TOO 2.7 «MAN SIZE 0)50) 

GRAVEL SAND FINES 

COARSE FINE COARSE INDIUM            FIE SILT CLAY 

IIS STANDARD SIEVES 
4         X)      ZO     40  60   100   200 

1    ^':' *N 

\ A 
i      i 
:        ; ■ 

•        • ---   1 i     \ 
;          ; \ 

\   '-     ''• 

\ \    ! 
■ V ! 

K.i 
0,01 

SAND-TRACE CLAY 

0.001 

SP 

COASTAL SEDIMENT 

RED-BROWN 

028 MM 

GRAIN SIZE CURVE 
MECHANICAL SEIVE 

LABTFJÄ JERRY JOHNSON CHECKED BY: PIETOEPREF_PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT, INC. 
17» MOKTHEJL CRCLE. SUITE A 
TUCXEK. CEORCU   30081 
404 - Me-OlO»   MX »Ot-MOZ 

CONTRACTED WITH:. 
PROJECT NAME«  

ILS.ARMT CERL 
FT.BFWINGIANnFARM 

.SAMPLE i-n-»   n-TS-7 
.JOBNOJ. J0014S DATS     6/70/14 

GRAVEL SAND FINES 

COARSE FINE COARSE MEDIUM HIE SILT CLAY 

US. STANDARD SIEVES 

100 

90 

80 

| 70 

fe 60 

S» 
§ tt 
^ 30 

20 

10 

0 
100 

4 10      20     40  60   100   200 
*                  •              * ' * s 

A1J...L. 
Mi! 

•                I              * . fJ-.L 
-1-L.L ti^ ! 
::ili: 

:     jv-.i 

i         i        : •           \             * 

10      5   3 2      i ai 
GRAIN SIZE. MILLIMETERS 

0.01 0.001 

PERCENT PASSING:  «4    _ S9.BZ SOIL DESCRIPTION: 

USCS CLASS: 

SOIL ORIGIN: 

SOIL COLORi 

SPECIFIC GRAVITY: 

MEDIAN SIZE 1050) 

SAND-SOME. CLAY 

«10   _ 99.0 

«?,T 
52.1 

314 

25.? 

sc 
»40 _ COASTAL SEDIMENT 

■60 _ TAN 

«100 _ 

■zoo. 0L2SMM 

GRAIN SIZE CURVE 
MECHANICAL SE1VE 

LAB TECH: JERRY JOHNSON CHECKED BY: HETDEPREE.PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
im Mowncju. ataucsim» 
TOCXER. CEOWIA   3DBM 
404 - W6-080*   F« MM»2 

CONTRACTED WITH:. 

PROJECT NAME: _ 

IL5.ARMY CERL 

FT.RPWIKfilANTFARM .JOB NO.I. JOOI48 
SAMPLE IJL-. 

DAT& 6/70/94 

100 

90 

BO 

70 

60 

50 

40 

30 

20 

10 

0 
100 

GRAVEL 

COARSE FINE 

SAND 

COARSE MEDIUM FINE 

ULS. STANDARD SIEVES 

5    3 2       1 0.1 
GRAIN SIZE MILLIMETERS 

FINES 

SILT CLAY 

■ 

4 10      20 40   GO 100   200 

r^N \..    .1 
•    j 

j        1 
■ 1 

;          ; 
I 

--   il- ls \:      ! 
»          i Ki 
•        ; • 
:        ■ • 

i        j 

0.01 0.001 

PERCENT PASSING:  M    _ 3B.:u 

»10   _ 94.1 

•40 _ 7K.5 

«60 _ 49.3 

«100. 37.4 

■200 _ 27.7 

SOIL DESCRIPTION! 

USCS CLASS: 

SOIL ORIGIN 

SOIL COLOR: 

SPECIFIC GRAVITY: 

MEDIAN SIZE (DSOI 

SAND-SOME CUT 

SC 

COASTAL SEDIMENT 

TAN 
2.7 

025 m 

GRAIN SIZE CURVE 
WITH HYDROMETER 

LAB TECH: JERRY JOHNSON CHECXEDBY: PIET CEPREE PJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
ITOS MCKTREAL dROCSlJTE X 
TUCKER CEOWIA   300M 
«4 - «M-ona F« 90<-uo2 

CONTRACTED WITH:. 
PROJECT NAME«  

[IS. ARMY CERL 
PT.RFMUNGIAMTFARM .JOB N0.I. J0O148 

.SAMPLE lJ)j   B-3. S-B 
 lUTFi     B/70/94 

100 

90 

70 

60 

^50 

35 40 

2 30 

20 

GRAYEL SAM) FINES 

COARSE FINE COARSE MEDIUM           FINE SILT CLAY 

ILS. STANDARD SIEVES 
4         W      20     40   SO   100   200 

■ 

■ 

:        ; 

;        : 
;           : ; 
i        • 
•        • !         ; 

no 10       5    3 2       1 0.1 
GRAIN SIZE, MILLIMETERS 

101 0.001 

SOIL DESCRIPTION: 

USCS CLASS: 

SOIL ORIGIN: 

SOIL COLOR: 

SPECIFIC GRAVITY: 

UED1AN SIZE (DOT 

SAND-SOME CLAY 

SC 

COASTAL SEDIMENT 

WHITE-GREY 

2.3 
N/A 

GRAIN SIZE CURVE 
HYDROMETER ONLY 

LAB TECH: JERRY JOHNSON CHECKED BY: PIETDEPREE.PX. 
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ADVANCED ENVIRONMENTAL MANAGEMENT. INC 
TO* MCNTTCAL OROE.SUITC * 
TUCXER.CEORCU   300H        
«04 - 906-OMS   FAX 90f-Btt2 

CONTRACTED WITH:. 
PR0£CT NAME: _ 

IL5.MMYCERL 

FT.RRf™« mnFMM .JOB HOJ. J00148 
_SAUPLE IJ)J 
 DATE:. 

J=ÜJL 
smm. 

100 

90 

BO 

§ 70 

äs 60 

I» 
£ 30 

20 

10 

0 

GRAVEL 

COARSE FINE 

SAND 

COARSE MEDIUM FINE 

100 

ILS. STANDARD SIEVES 

10       5    3 2       1 0-1 
GRAIN SIZE, WILLHETERS 

F1HES 

SILT (LAY 

4 10      20 40 60 100 200 

t 
: || 

\ 
Ü j 

1 i 
■\ 

i   : 
; 

\i i 
\ I 
!\ ! 

Jj 

E 
|i 

0.01 0.001 

PERCENT PASSING:  «4       w X 

•10   _J3ii_ 
»40       30.3 

«60      75.4 

»100_ÜS_ 
i?nn     22.4 

SOIL DESCRIPTION: 

USCS CLASS: 

SOIL ORIGIN: 

SOIL COLOR: 

SPECIFIC GRAVITY: 

MEDIAN SIZE 0350» 

SittVTRACE CLAY 

SP 
COASTAL SEDIMENT 

RED-BROWN 

o.n MU 

GRAIN SIZE CURVE 
MECHANICAL SEIVE 

LABTECft JERRY JOHNSON CHECKED BY: PIET DEPRECPJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT, INC. 
na MCNTSEJU. CMCLE. SUITE A 
TUaEROEOftOU   JOOW 
«4 - 906-010*   F« 90»-«802 

CONTRACTED WITH:. 

PROJECT NAME:  

tlS.ARMY CERL 

FT.BPMHCtlMlFAHM .JOB NO.: JQ0148 

.SAfcFLE IJ).i_BAiL 
 fUTF»     C/70/94 

GRAVEL SAND FlfES 

COARSE FINE COARSE HEDUM FIME SILT CLAY 

ILS STANDARD SIEVES 

too 

90 

80 

70 

GO 

SO 

•40 

30 

20 

tt 

0 

4 10      20 40 60 100   20C 
- i 

?-~-^. _; 
>v j     |j 

■' : 1    i 

V 
j   1 
:     { 
\ :        : i\ 

:        • 
•     * h 

:         : •       P 
too 10       5    3 2        I 0-1 

GRAIN SIZE. MILLIMETERS 

0.01 0.001 

PERCENT PASSING:  M    _ XX) Z SOIL DESCRIPTION: 

«10   _ 99.7 USCS CLASS: 

»40 _ 90.3 SOIL ORIGIN: 

•GO _ Z&2 SOIL COLOR: 

«100 _ 30.3 SPECIFIC GRAVITY: 

•200. &3 bEDIAN SIZE (DS01 

SAND-SOME CLAY 

SC 

COASTAL SEDIMENT 

WHITE-PINK 

0.15 MM 

GRAIN SIZE CURVE 
MECHANICAL SEIVE 

LAB TECH; JERRY JOHNSON CHECKED BY! 
PIET DEPREE.PJL 



USACERLTR-97/136 91 

ADVANCED ENVIRONMENTAL MANAGEMENT. INC. 
Xm MCMT7WU. BHOtSlOTE A 
TUaEK. CECRCU   300M 
404 - «M-OS09   FAX 90S-U0Z 

CONTRACTED WITH:. 
PROJECT NAME:  

llr?. ARMT CERL 
FT.RFNNINGIANfHRM .JCBNOJ. JQ014B 

„SAMPLE UL:. 
 DATS. smm 

GRAVEL 

COARSE FINE 

SAW 

COARSE MEDIUM FINE 
ILS. STANDARD SIEVES 
W      20     40  60   100   200 

no                  to S    3 2 i                  <u 

GRAIN SIZE, MILLIMETERS 

PERCENT PASSING;   M    _ 99.32 SOIL OESCRIPTIONi 

»10   - 99.5 USCSCLASSi 

»40 _ 53.7 SOIL ORIGIN: 

•60 . 315 SOIL COLORi 

«100. w SPECIFIC GRAVITY: 

•zoo. H2 MEDIAN SITE ID501 

FINES 

SILT CLAY 

0.01 

SAND-SOME CUT 

0.001 

sc 
COASTAL SEDIMENT 

TAN-WHITE 
2.75 

0.002 MM 

GRAIN SIZE CURVE 
WITH HYDROMETER 

UBTEDfc JERRY JOHNSON aeXEDBYi PIETDEPREEPJL 
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ADVANCED ENVIRONMENTAL MANAGEMENT, INC. 
rraa MONTTEJL CIRCLE, SUITE * 
TUCKER. CEOfKU   3COJ4 
404 - «M-0M3   FAX 308-8802 

CONTRACTED WITH:. 
PROJECT HAHfE:  

UAARMrgPL 
FT.BFNNING LANOFARM .JOafBj JOOI48 

.SAMPLE IJ)J   »-<■ *-n 
 ÜATE!_J5Z2QZ2L 

too 

30 

80 

I 70 
äs 60 

i 50 

-30 

20 

10 

0 

GRAVEL SAW FINES 

COARSE FINE COARSE MEDI1A 1           FINE SILT CLAY 

ILS, STANDARD SIEVES 
4        10      20     40  60   fOO   200 

- ■j*»-^      J 

•            j 
Vs 

I            j 

:        : : 

; 
■ 

: 

•        • 

100                        10 5    3 2 1 0.1 
GRAIN SIZE, MILLIMETERS 

PERCEKT PASSING:  *4   _ 100 % SOIL DESCRIPTION: 

«to _ 98.2 USCS CLASS: 

•40 . 82.4 SOIL ORIGIN 

•60 . 725 SOIL COLOR« 

•too. 69.1 SPECIFIC GRAVITY: 

•zoo. 67.7 MEDIAN SHE (050) 

0.01 

CLAY-SOME SAND 

0.001 

COASTAL SEQUENT 

GREY-WHITE 

2.7 
0.002 MM 

GRAIN SIZE CURVE 
WITH HYDRttETER 

LABTEQfc JERRY JOHNSON CHECKED BYi PIET DEPREE.PJL 
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Appendix O: Hydraulic Conductivity 
Values 

Hydraulic Conductivity Results Utilizing AQUITEST 

Slug Test completed 6-17-9^ 

01 
0.8 

0) 
SI c a 
r: 0.6 
O 
01 > 
01 0,4 
_l 

1  

0) 
CO 
3 Ü.2 

CALCULATED and OBSERVED WAT€R LEVEL CHANGES 

Calculated K = 2.41 E-03 <tt/min) 

0.0 0.1 1.0 
Observation Time (log scale) (min) 

10.0 

Bail Test completed 6-17-94 

o.o 

? -0.21- 
£ 
oi -0.4 
a c 
U 
1 -0.6 
w _i 

2 -0.8 n 
3 

-1.0 

CALCULATED and OBSERVED WATER LEVEL CHANGES 

Calculated K = 1.30 E-03 (lt/min) 

0.1 1.0 10.0 
Observation Tim* (log seal«) (min) 

100.0 

100.0 
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and: 

Hydraulic Conductivity Results Utilizing Bouwer and Rice Method (1976) 

K = 
rc"ln(Vrw)i, y 

2L 
-ln = 

yt 

where: K = hydraulic conductivity of the aquifer (ft/min) 
rc = inside radius of the casing = 0.167 ft 
Re = effective radius over which y is dissipated 
rw = radial distance between the undisturbed aquifer and 

the well center = 0.167 ft 
L = height of the screen in the well = 5 ft 
y = drawdown at time t (ft) 

r„. 
1.1 

In (H/r ) 

A + Bln[(D-H)/rJ 

L/r... 

(5) 

(6) 

where:   [(D - H)/rJ = 6 
and constants A and B = 2.5 and 0.75, respectively. 

Resulting Values for Hydraulic Conductivity of the Watertable Aquifer at the Site 

Well Tests Hydraulic Conductivity (ft/min) 

Slug Test (AQUITEST) 2.4 x 10-3 

Bail Test (AQUITEST) 1.3 x 10-3 

Slug Test (Bouwer and Rice) 1.4 x 10-4 

Bail Test (Bouwer and Rice) 5.7 x 10-5 

Lab Test 3.5 x 10-4 
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Appendix P: SCS Method of Abstractions 

I. Determination of Soil Group 

The hydrologic soil groups as defined by SCS soil scientists are: 
A. (Low run-off potential). Soils having a high infiltration rate even when thoroughly wetted and 

consisting chiefly of deep, well to excessively drained sands or gravels. 
B. Soils having a moderate infiltration rate when thoroughly wetted and consisting chiefly of 

moderately deep to deep, moderately well to well drained soils with moderately fine to moder- 
ately coarse texture. 

C. Soils having a slow infiltration rate when thoroughly wetted and consisting chiefly of soils 
with a layer that impedes downward movement of water or soils with moderately fine to fine 

texture. 
D. (High run-off potential). Soils having a very slow infiltration rate when thoroughly wetted and 

consisting chiefly of clay soils with a high swelling potential, soils with a permanent high 
watertable, soils with a claypan or clay layer at or near the surface, and shallow soils over 
nearly impervious material. 

Hydraulic group B and a normal antecedent moisture climate (II) was selected as the best fit for 
overall characteristic of soil at the study area. 

II. Determination of SCS Curve Number for Harps Creek watershed: 

Land Use Description Runoff Curve # % of Site 
Water surface of rivers and streams    100 28.7% 
Wood or forest land: thin stand, poor cover, no mulch     66 15.0% 
Wood or forest land: good cover      55  41.3% 
Open Spaces, good condition: grass cover on 

75% or more of the area      61   15.0% 

Weighted CN Number = (0.287)(100) + (0.15)(66) + (0.413)(55) + (0.15)(61) = 70.47 

SCS Method of Abstractions Equations: 

S = Jg£-l0 (7) 

= (P-Q.2S)2 (8) 

P + 0.8S 

where:   S   = SCS Curve Number 
P   = Precipitation 
Pe = Direct Runoff 

SCS Curve Number for AMC (II) = ( 1000/70.47) - 10 = 4.19 
Run-off for 48.8 inches of average rainfall = [48.8 - 0.02 (4.19)P/ [48.8 + 0.8 (4.19)] = 44.80 in 
Infiltration = 48.8 - 44.80 = 4.0 in/yr = 6 x 10-7 ft/min 

(Source: SCS, 1972, National Engineering Handbook, Section 4, Hydrology: Washington D.C., 
U.S. Government Printing Office.) 
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Appendix Q: Statistical Rainfall Intensity 
Data for Fort Benning 

Return 
Periods 

30-Min 
Rain (in) 

30-Min 
Rate (in/hr) 

60-Min 
Rain (in) 

60-Min 
Rate (in/hr) 

2-Hour 
Rain (in) 

2-Hour 
Rain (in/hr) 

1-yr 1.35 2.70 1.72 1.72 2.06 1.03 
2-yr 1.56 3.12 1.96 1.96 2.37 1.19 
5-yr 1.90 3.80 2.44 2.44 2.94 1.47 
10-yr 2.14 4.28 2.72 2.72 3.39 1.70 
25-yr 2.40 4.80 3.05 3.05 3.85 1.93 
50-yr 2.69 5.38 3.35 3.35 4.25 2.13 
100-yr 2.90 5.80 3.72 3.72 4.73 2.37 

Return 
Periods 

3-Hour 
Rain (in) 

3-Hour 
Rate (in/hr) 

6-Hour 
Rain (in) 

6-Hour 
Rate (in/hr) 

1-yr 2.19 0.73 2.63 0.44 
2-yr 2.62 0.87 2.98 0.50 
5-yr 3.29 1.10 3.92 0.65 
10-yr 3.73 1.24 4.47 0.75 
25-yr 4.27 1.42 5.11 0.85 
50-yr 4.71 1.57 5.77 0.96 
100-yr 5.23 1.74 6.41 1.07 

Return 
Periods 

1-yr 
2-yr 
5-yr 
10-yr 
25-yr 
50-yr 
100-yr 

12-Hour 
Rain (in) 

3.00 
3.71 
4.60 
5.36 
6.17 
6.89 
7.68 

12-Hour 
Rate (in/hr) 

0.25 
0.31 
0.38 
0.45 
0.51 
0.57 
0.64 

24-Hour 
Rain (in) 

3.47 
4.00 
5.40 
6.35 
7.36 
7.96 
8.87 

24-Hour 
Rate (in/hr) 

0.15 
0.17 
0.23 
0.27 
0.31 
0.33 
0.37 

Source: Hershfield 1961 
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Appendix R: SCS Rainfall Distribution for 
24-Hour Storm 

I.    Calculation of rainfall distribution of a 24-hr/100-yr storm event in a Type II storm area based on 
8.87 total inches of precipitation or an intensity of 0.37 inches/hour (Hershfield 1961). 

Hour* P,/P24 Increment Precipitation (in) 

2 0.022 0.022 0.1951 

4 0.048 0.026 0.2306 

6 0.08 0.032 0.2838 

7 0.098 0.018 0.1597 

8 0.12 0.022 0.1951 

8.5 0.133 0.013 0.1153 

9 0.147 0.014 0.1242 

9.5 0.163 0.016 0.1419 

9.75 0.172 0.009 0.0798 

10 0.181 0.009 0.0798 

10.5 0.204 0.023 0.2040 

11 0.235 0.031 0.2750 

11.5 0.283 0.048 0.4258 

11.75 0.357 0.074 0.6564 

12 0.663 0.306 2.7142 

12.5 0.735 0.072 0.6386 

13 0.772 0.037 0.3282 

13.5 0.799 0.027 0.2395 

14 0.82 0.021 0.1863 

16 0.88 0.06 0.5322 

20 0.952 0.072 0.6386 

24 1.000 0.048 0.4258 

TOTALS 1.000 8.87 

II.   The resultant rates of recharge for transient simulation: 

Stress Period 
(each 240 minutes) 

Rate of Recharge (ft/min) 

12% Recharge of Precipitation 100% Recharge of Precipitation 

1 1.8 x 10-5 1.48 x 10-4 

2 2.7 x 10-5 2.22 x 10-4 

3 2.01 x 104 1.67 xlO"3 

4 8.0 x 10-5 6.68 x 10-3 

5 2.7 x 10-5 2.22 x 10-4 

6 1.8x10-5 1.48 x 10-4 
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Appendix S: Transient Model Results 

Typical Groundwater Flow For Watershed During 100-yr/24-hr Storm Event 

1IM MO 2000 yards 
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Comparison of Typical Changes in Hydraulic Head and Rainfall 
During a 100-yr/24-hr Storm Event 

~0~ 1 2 3 4 5 
Stress Period (each 240 minutes) 

Rainfall (ft) Hydraulic Heads for MW-1 (ft) 
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Appendix T: Logging Data 
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1995 Drilling Logs 
rnwTPAfTFn WITH-  rnRPS T FNNNFFRS                                                 BORINU NÜ.;  mil  
m PT H-r. FT PFNM,Wn , m FARU                                   JOB NO,   fflffl-OHfi     DATE:_JQZZ^5  

ix» i FR- Kl UÄN RROTHFRS-                                               RIG:   TRUCK                  LOGGED BY:_JKC  

1 

ELEV. DESCRIPTION 
)EPTH 

M 

FEET 
SAMPLES NOTES 

NO. 1 nrPE BLOWS/6' £COV, 

i 
t 

< 

H 

H 

■1 

H 

-1 

H 

H 

H 

H 

H 

-4 

-4 

H 

-1 

H 

-1 

H 

H 

H 

H 

-1 

H 

-1 

H 

H 

-1 

H 

-1 

H 

ft    - 

POSSIBLE SHALLOW CLAY LAYER 
3ß AND 39 FT. 

SAND-SILTY; TRACE MICA; HARD; LIGHT      - 
RED-ORANGE   (RESIDUAL) 

-BANDED: WHITE-ORANGE; MEDIUM      \ 
DENSE 

-TRACE SILT; MEDIUM DENSE; RED 

-DENSE; DEEP RD/BURGUNDY 

-DENSE; LIGHT ORANGE           _ 

-DENSE; YELLOW-UGHT ORANGE 

-DENSE; DARK YELLOW-LIGHT ORANGE 

-MEDWM DENSE; RED-DARK RED 

-SOME SILT: TRACE CLAY; FIRM; BANDED; 
WHITE-RED-VELLOW 

-TRACE CLAY; DENSE; BANDED: YELLOW 
ORANGE 

-SOME SILT; TRACE CLAY; FIRM; BROWN 
MOTTLED:DEEP YELLOW-RED 

H 

-5 
H 

^ 

-10 
H 

H 

^ 

-15 

H- 

^ 

-20 

is 
-25 
-1 

H 

-30 
^ 

H 

-t 

-35 
H 

H 

-1 

H 

-40 
-1 

H 

-t 

"-45 
H 

'1» 

1 / 8-12-20 20' 

2 t / 10-10-10 19' 

3 / 14-11-14 22' 

4 / 13-13-23 20' 

5 / 14-17-24 23' 

6 / 9-11-21 15' 

7 / 15-17-31 16' 

8 / 10-12-14 14' 

9 / 8-7-10 18' 

10 14-11-20 21" 

II 13-6-8 19 
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CONTRACTED WITH:   CORPS OF ENGINEERS 1995 Drilling Logs 
BORING NO.:    MW-2 

PROJECT NAME: FT. BFNN1NG L AND FARM 

DRILLER: K1LMAN BROTHERS 
_ JOB NO.:    951349-01-05      HATF:    M$1¥L 

G:   TRUCK LOGGED BY:    WKC 

ELEV. DESCRIPTION DEPTH 
K 

FFFT 
SAMPLES 

NOTES NO. TrPE ' BLOWS/61 RECOV 

A 

A 

A 

-1 

^ 
A 

A 

A 

A 

A 

-1 

A 

H 

A 

A 

A 

A 

H 

H 

A 

H 

^ 
A 

H 

H 

H 

H 

A 

H 

H 

A 

H 

H 

r. 

SAND ABOVE + OR - CLAY LAYER 
IN SAND SAMPLE BELOW 

SOME MAGNESE NODULES 

DROPPED SPOON IN BORE HOLE 

El    UNDISTURBED SAMPLE 

GROUNDWATER ENCOUNTERED AT 
83.5 FT. AT TIME OF BORING 

U 
A 

-1 

A 

A 

-55 
-i 

A 

A 

A 

-60 
A 

A 

A 

A 

-65 
A 

A- 

A 

A 

-TO 
A 

A 

A 

A 

-75 
A 

A 

A 

A 

-80 
^ 

^ 
A 

-85 
A 

A 

A 

A 

-90 
A 

A 

A 

A 

-95 
A 

^ 

CLAY-TRACE SILT; STIFF; GRAY-YELLOW 
(RESIDUAL) 

-SOME SAND; MEDIUM DENSE; GRAY- 
YELLOW-RED 

-SANDY; DENSE; YELLOW-WHITE 

12 / 5-3-8 23 

13 / 8-16-18 24' 

H / 7-8-9 22' 
SAND-SOME CLAY; FIRM; GRAY-YELLOW 

IS / 6-18-14 ?A' 
CLAY-SOME SAND; HARD; BROWN 

-SANDY; TRACE CUY; VERY STIFF 

C— 

16 / 9-12-13 22 
SAND-COARSE; SOME CLAY; MEDIUM DENS~E; 

YELLOW-WHITE-RED 

-SOME SILT; TRACE CLAY; YELLOW 

-MEDIUM DENSE; MOIST; YELLOW        "=" 

-SILTY; LOOSE; MOIST; BANDED: YELLOW- 
RED 

17 / 

18 / 8-8-15 18' 

19 2-2-3 20' 

100% 
BORING TERMINATED AT 94 FEET 
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1995 Drilling Logs 

CONTRACTED WITH:   CORPS OF ENGINEERS BORING NO.:    MH-3 

PROJECT NAMF; FT. RFNNtNG LAND FARM 

DRILLER: KILMAN BROTHERS 
_ JOB NO,-   35I343-QI-Q5 DATE:_JOi22Z2L 
G:   TRUCK LOCGED BY:    WKC 

ELEV. DESCRIPTION 
DEPTH » 
FEET 

SAMPLES 
NOTES NO. TYPE BLOWS/6' RECOV 

H 

H 

H 

H 

4 

H 

-1 

-1 

-1 

H 

4 

4 

■i 

4 

H 

4 

H 

-1 

H 

-1 

4 

^ 
-1 

H 

-1 

4 

H 

H 

^ 
4 

H 

H 

H 

H 

H 

H 

H 

H 

0 
SAND-LOOSE; RED-BROWN   (RESIDUAL) 

-SOME CLAY; LOOSE; TAN-ORANGE 

-SOME CLAY; FIRM; BANDED: ORANGE- 
GRAY 

-MEDIUM DENSE; ORANGE 

-DENSE; LIGHT ORANGE 

-MEDIUM DENSE; YELLOW-WHITE 

-TRACE SIT; MEDIUM DENSE: MOIST; 
RED- LIGHT BROWN 

^ 

4 

4 

-5 
H 

4 

4 

4 

-10 
-1 

4 

4 

-1 

-15 
4 

-I- 

4 

-20 
4 

-1 

■( 

-25 
-i 

^ 
H 

-1 

-30 
^ 
■H 

H 

-35 
■i 

■4 

H 

H 

-40 
H 

H 

^ 

-45 
4 

H 

H 

H 

1 / 5-3-3 20' 

2 / 5-3-4 22' 

3 / 4-6-8 16' 

4 / 7-11-15 20' 

5 / 8-12-21 21" 

6 / 8-11-16 18' 

7 / 6-10-13 20' 

8 / 1-3-5 21" 
SILT-SOME CLAY; TRACE MICA; LOOSE; GRAY- 

YELLOI-RED-ORANGE 

SAND-VERY DENSE; MITE-TAN 

-SOME CLAY; FIRM; YELLOW-WHITE 

9 / I3-26-2T IT' 

10 3-5-6 19' 
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1995 Drilling Logs 

CONTRACTED WITH:   CORPS OF ENG1NEER5 1-3 
PROJECT NAME: FT. BFNN1WG LAND FARM 
DRILLER: KILMAN BROTHERS 

 JOB NO.:    951349-01-05      DATE:    10/74/95 

RIG:   TRUCK LOGGED BY:    WKC 

ELEV. DESCRIPTION 
DEPTH 

« 
FEET 

SAMPLES 
TTPE BL0WSZ6" RECOV. NOTES 

-SILTY; SOME CLAY; LOOSE; ORANG- 

-DENSE; BANDED: YELLOW-LIGHT BROWN' 
RED; MOTTLED: GRAY 

-SOME CLAY: MEDIUM DENSE; BANDED: 
YELLOW-DARK RED 

50 

-55 

-60 
H 

CLAY-SOME SAND; STIFF; WET; TAN-" ~\7~[ 
YELLOW ¥** •65 

TERMINATED AT 74 FEET 

-70 

■75 

14 

3-3-3 24 

9-13-17 20' 

4-9-13 

2-3-12 

24' 

24' 

«K El  UNDISTURBED SAMPLE 

GROUNDWATER ENCOUNTERED AT 
64.3 FT. AT TIME OF 
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1995 Drilling Logs 

CONTRACTED WITH:   CORPS OF ENGINEERS 
PROJECT NAME: FT RFNNINC I AND FARM 

DRILLER: K1LMAN BROTHERS  

BORING NO.:    MW-4 

_ JOB NO.:    951349-01-05      DATE:    10/75/95 
Si   TRUCK LOGGED BY:    WKC 

ELEV. DESCRIPTION 
DEPTH 
FFFT 

SAMPLES 
NOTES NO. TYPE BLOWS/6' £COV. 

H 

-1 

H 

4 

-i 

H 

4 

4 

4 

H 

4 

-1 

-1 

H 

-1 

H 

4 

-I 

4 

4 

4 

H 

H 

^ 

H 

H 

H 

4 

4 

4 

-1 

H 

H 

H 

H 

TOPSOIL 6-IN. A 

SAND IN FIRST !2 IN. OF SAMPLE 

SAND-SILTY; SOME CLAY; LOOSE; ORANGE- 
BROWN   (RESIDUALI 

-SOME SILT: FIRM; MOTTLED: ORANGE- 
ORANGE-YEÜLOW 

-TRACE CLAY; FIRM; ORANGE-YELLOW 

-TRACE CLAY; LOOSE; BANDED: DARK 
ORANGE-RED-WHITE-YELLOW 

-TRACE CLAY; FIRM; MOTTLED: DARK RED- 
ORANISH 

-LOOSE TO FIRM; YELLOW-ORANGE 

-COARSE; LOOSE; BANDED: ORANGE- 
YELLOW-BURGUNDY 

-COARSE; FIRM; BANDED: WHITE-YELLOW- 
RED 

-SOME CLAY; FIRM; YELLOW-GRAY 

-COARSE; LOOSE; ORANGE-RED 

-COARSE; SOME CLAY; LOOSE; ORANGE- 
RED 

U 
4 

-1 

-1 

H 

-5 
4 

4 
4 

-10 
4 

4 

4 

4 

-15 
4 
4- 

-1 

4 

-20 
-i 

4 

-1 

-4 

-25 
-\ 
4 

4 

-30 
H 

-\ 
4 

-( 
-35 

4 

-1 

-40 
4 

4 

-I 

4 

-45 
-) 
-i 

4 

4 

-50 

1 3-3-3 22' 

2 y 3-5-7 16' 

3 / 5-7-7 20' 

4 / 3-4-5 22' 

5 / 9-7-6 18* 

6 / 3-5-5 20' 

7 / 8-5-5 20' 

8 / 10-5-5 20* 

9 / 6-4-4 22' 

10 / 7-5-5 2? 

II 8-5-4 20 
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1995 Drilling Logs 
CONTRACTED WITH:   CORPS OF ENGINEERS BORING NO.:    MW-4 
PROJECT NAME: FT. BFNNING I AND FARU 

DRILLER: KILMAN BROTHERS 
_ JOB NO.:    95H49-0HK      HATF-    |p/?jfl5_ 

RIG:   TRUCK LOGGED BY:    WKC 

ELEV. 

-i 

■i 

-I 

^ 
■i 

^ 

^ 

■4 

H 

H 

H 

^ 

H 

H 

DESCRIPTION 

-COARSE; FIRM; WHITE-YELLOW 

-COARSE; LOOSE; WHITE-YELLOW 

DEPTH 
M 

FEET 
SAMPLES 

CLAY_-SANDY;VERY_SJFF 
SAND-"VE~RY COARSE; ME'DJÜM DENSE," 

WHITE-YELLOW 

-TRACE SILT; COARSE; MEDIUM DENSE; 
MOIST; ORANGE 

SILT-SANDY; STIFF; MOIST; YELLOW-WHITE 

H 

-55 

H 

•60 

-65 

-70 

H 

TrPE BLOWS/6' fcOV 

27 •75 

14 / 10-5-16 

15 

5-6-7 

2-3-3 

z 

16 

-SANDY; STIFF; WET; BANDED: YELLOW- 
GRAY-ORANGE -80 

BORING TERMINATED AT 84 FEET -85 

18' 

NOTES 

18' 

20' 

10-12-12 

4-5-7 

22' 

6IH SANDY CLAY LAYER IN MIDDLE 
OF SAMPLE. 

MOIST SANDY CLAY IN TOP 10 IN. 
OF SAMPLE. 

24' 

6-6-7 18* 

SI UNDISTURBED SAMPLE 

GROUNWATER ENCOUNTERED AT 
76 FT. AT TIME OF BORING 
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.1.;.... 
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\ 
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i 
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I 
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1; 
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.Li... 
I 

I.V... 

Logging Data 

Nhama 
CPS SüQ -■' 

"I 

h rr 

•■;/■: 

........ 
t 

■■■>■ e 
-f- ,.r.... 
■*r- 
jr,... 
} 

■?:■- 
> 
V:- 
X.... 

1 
■■■■>•■■ 

..f..... 

IV 

rv 

0" 

0" 

0' 

0 

■ 0 CPS 

("C:\BENHING\MW.1) 

500 " 



108 USACERLTR-97/136 

Logging Data 

l('C:\BLNNiNG\MW-i .Mi') no aroui 

lonauct 
irE /m 500 •" * 0 

resist 
Ohm-m 500 1 

0" 

Ul 

0 

or 

N 

0" 

0" 

(0 

.-   KJ-. 

■■<y\ 

r? 

-*^-; 
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Logging Data 

U'NÜLNNi'NG'\MW-2GÄMM.GUü) 

 NGarrmo * 

qroutz 

ro 
i.. 

:J': 
-/-'■: 

< 
I 
l:   : 

■x-; r 
1.1....: 

€ 

I 

4; ...r 
.jr....; 

{ 
$ .|.:....; 
«; 

t 
-V-; 

i .. 

*   ; 
•■/-: 

<*      i 

\.J\... 
s. 
\ 
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•■A- 

* 
i;- 
V- 

Si 
-a- 

■•*•• 

». 

CPS 5QQ- 

u 

K) 

0" 

... U 
u 
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I I 

u 

I I u 

I» 

u 

.    .    .    . K) 

u 
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l^Ugglllg yaui 

lfC:'vötNNi'NG'v«MW-2£N2*) arouu 

i-o 
uinouct 
nfi /m 50Q •" '•Q 

OT 

fn 
■v* 

0" 

0) 
r o' 

0" 

(V) 

0' 

■ *   ■ 

A 
,<s.      ■ 

.:....:Y.: 

-■y\: 
....i.f..: 

,.r.^.. 

resist 
Ohni-m 50Q 'I 

'0 
cr 
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Logging Data 

iiC:^EENNiNG^w-3.G9M) drein* 

rnjjmmrj 
T ü 

t 
V 
1 

I, 
4 
1 
I 
> 

i 
I 

...V 
I 

-.T 
\ 

■■■* 

I 
> 
i 
i 
f 
t 
? 
N 

•* 
/ 
? 
1 
\ 
1 
« 

CPS 5QÜ 

r ni 

r m 

r n-t 

T* 

r ni 

r n-i 

r ni 
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lliI:Nbc.rnilMb'-\M'*-JiN! 

I 

Logging Data 

Ol'OUtJ 
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Logging Data 
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UÜ:\5LMMING\MW-4£N; ] 

Logging Data 

oroui+ 
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rrti.'m 50 ü "'' ri Q 

KeSSt 

r rW 

r rrr 
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rv 

f m 

rv 
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Logging Data 

& 
UNITED  CONSULTING  GROUP. 

<C<  - 235-=38  "1>  2-.ii~i 

CLIENT:         ARMY CORPS OF ENGINEERS 

PROJECT NAME: FORT BENNINC LANDFARM 

PROJECT NUMBER: 95I349-0I-05 

DRILLED BY: KILMAN BROTHERS 

LOGGED BY: KENT CAMPBELL 

WELL/PIEZOMETER LOG 

DATE TIME 
STARTED: 10-24-95 9:00 

COMPLETED: '0-26-95 12:00 
WELL NO.: MW-; 

WELL NO.: WESTERN °03TI0N 
OF SITE 

ELEVATION (G.S.): 136.75 

ELEVATION (T.O.0.): '339.6'= 

ELEV. 

OEPTH 
DESCRIPTION SKETCH NOTES 

- o ELEV. 436.75 

-  20 

30 

- 40 

50 

60 

- 70 

- 80 

- 90 

CONCRETE CAP 
AND WELL APRON 

,==iL 

TERMINATED AT 94 

ANNULAR - 
FILL 

TOP OF WELL 

-WELL COVER 

Jl 
l^'ll = 

2 FT. 

-PVC WELL 
(2 INCH 
DIAMETER) 

-BORE HOLE 
(8 INCH 
DIAMETER) 

IS 

-ANNULAR 
SEALANT 
(BfNTONITE 
PELLETS) 

-FILTER 
PACK 

-SCREENED 
INTERVAL 

-BOTTOM CAP 

2.9 FEET 
RISER HEIGHT 

FROM G.S.:  

SIZE/THICKNESS OF 
APRON:        4 FOOT X 4 FOOT 

ANNULAR FILL: 

FILTER- 

CEMENT GROUT 

12 FEET SAND 

TOP OF SCREEN: _ 

SCREEN LENGTH: 

84 FEET 

10 FEET 

SCREEN SLOT SIZE: 0.020 INCH 

BOTTOM OF SCREEN: _ 

BOTTOM OF WELL: 

93.5 FEET 

94 FEET 

?T   24-HOUR GROUNDWATER LEVEL:    84.3 

SZ  GROUNDWATER LEVEL AT 
TIME OF DRILLING: 83.5 
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Logging Data 

& 

UNITED  CONSULTING  GROUP.1. 

:«    ;?s-9ae -AX PSS-VS 

Cl iFNT:         ARMY CORPS OF ENGINEERS 

PROJECT NAME: FORT flFNNINC LANDFARM 

PROJECT NUMBER: 951349-01-05 

DRILLED BT: KILMAN BROTHERS 

LOGGED BY: KENT CAMPBELL 

WELL/P'EZOME'tR LO 

DATE TIME 
STARTED: iQ-23-95 10:30 
C0MPLETE0:M£d5     ^.OQ 

MW-: WEL. NC:  
WEL MO-     N0R:r PCS-iON 

ELEV. 

DEPTH 

-  0 

- 20 

- 30 

- 40 

50 

- 60 

- 90 

DESCRIPTION SKETCH 

ELEV. 428.18 

BORING TERMINATED AT 76 

CONCRETE CAP 
AND WELL APRON 

TOP OF WELL 

WELL COVER 

=^IL 

ANNULAR- 
FILL 

H 

-PVC WELL 
12 INCH 
OIAMETER) 

-BORE HOLE 
(8 INCH 
DIAMETER) 

-ANNULAR 
SEALANT 
(BENTONITE 
PTLLETS) 

—FiLTER 
PACK 

-SCREENED 
INTERVAL 

-BOTTOM CAP 

OF SITE 

ELEVATION (G.S.I: 

ELEVATION (T.O.P.l:. 

425.:3 

430.37 

2.2 FEET 
RISER HEIGHT 

FROM G.S.:  

SIZE/THICKNESS CF r   , 
APRON:        4 FOOT X 4 FOOT 

NOTES 

ANNULAR FILL:  CEMENT CROUT 

FILTER 12 FEET SAND 

TOP OF SCREEN:  

SCREEN LENGTH:  

SCREEN SLOT SIZE:  

BOTTOM OF SCREEN: _ 

BOTTOM OF WELL: 

66 FEET 

10 FEET 

0.020 INCH 

75.5 FEET 

76 FEET 

*   24- ! GROUNDWATER LEVEL:    65.75 

57  GROUNDWATER LEVEL AT 
""-""   TIME OF DRILLING: 64.3 
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Logging Data 

& 
UNITED  CONSULTING  CRCU?. 

:.»»<s-c\. KC=.:I 

CLIENT; 

PROJECT NAME:  

PROJECT NUMBER:. 

DRILLED BY:  

LOGGED BY:  

ARMY CORPS OF ENGINEERS 

FORT PENNING LANDFARM 

95I349-0I-05 

WELL/D:EZCOE: LOG 

DATE        TiME 

STARTED:     IC-25-3S     8:^5 *EL. NO.: 

" rOMPl -TFO: 10-26-95     12:00       KIEL NC: 

SrE 

MW-4 

EAST PORTION 

KILMAN BROTHERS 

KENT CAMPBELL 

ELEV. 

DEPTH 

- 10 

- 20 

- 30 

- 50 

60 

DESCRIPTION 

BORING TERMINATED AT 

SKETCH 

CONCRETE CAP 
AND HELL APRON 

TOP OF WELL 

WELL COVER 

ANNULAR - 
FILL 

V" 

-PVC WELL 
(2 INCH 
DIAMETER) 

-BORE HOLE 
(8 INCH 
DIAMETER) 

-ANNULAR 
SEALANT 
IBENTONITE 
PELLETSI 

-FILTER 
PACK 

-SCREENED 
INTERVAL 

-BOTTOM CAP 

OF SITE 

429.50 ELEVATION (G.S.I: 

ELEVATION (T.O.?.!:_j32AL 

TES 

2.9 FEET 
RISER HEIGHT 

FROM G.S.:  

SIZE/THICKNESS OF r   T 
APRON:        4 FOOT X 4 FOOT 

ANNULAR FILL:  CEMENT GROUT 

FILTER:- 13 FEET SAND 

TOP OF SCREEN:  

SCREEN LENCTH:  

SCREEN SLOT SIZE:_ 

BOTTOM OF SCREEN: 

BOTTOM OF WELL: 

71 FEET 

10 FEET 

0.020 INCH 

81 FEET 

84 FEET 

24-HOUR GROUNDWATER LEVEL:    72.35 

57  GROUNOWATER LEVEL AT 
"-"   TIME OF DRILLING:  70_ 
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Appendix U: Clay Layer 

MW-l MW-2 MW-3 MW-4 
450 

440 

430 

420 

410 

400 

390 

380 

370 

360 

350 

540 

i -* 

$ 

I 

-i; 

i- 

CLAY-- S 
■i 

r 
2 

CLAY LAYER 
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Appendix V: FEM WATER and LEW ASTE 
Grid 
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Appendix W: Assumptions for Program 
Without Clay Liner 

Femwater Assumptions: 
1. Linear matrix equation solution indicator is solved by direct Gaussian elimination 
2. material type = sand 

porosity = 0.3 

xx-component of saturated hydraulic conductivity tensor = 5.8 xlO'3 cm/s 
zz-component of the saturated hydraulic conductivity tnesor = 5,8 x 10"3 cm/s 
yy-componentof the saturated hydraulic conductivity tensor = 0 cm/s 

3. Density of water = 1.0 
4. Acceleration of gravity = cm/s2 

5. Dynamic vicosity of wate = 0.013 
6. Number of nodal points =2520 
7. Number of elements =2420 
8. Number of elements in the x-direction = 55 
9. Number of elements in the z-direction = 44 
10. Rainfall = 9.433 x 10"7 cm/s 
11. No ponding is allowed 
12. Number of Dirichlet nodal points (Discharge Nodes) = 7 
13. Dirichlet-Head discharge values = 548.64 cm (18 ft) 

Lewaste 
1. Transient state 
2. Distribution coefficient = 1.0 x 10'2 

3. Bulk density = 1.75 
4. Longitudinal dispersivity - 2.13 x 104 

5. Lateral dispersivity = 4.27 x 102 
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Appendix X: Assumptions for Program 
With Clay Liner 

Femwater 
1. Material type = clay liner 

porosity = 0.45 
xx-component of the saturated hydraulic conductivity tensor = 9.00 x 10'8 cm/s 
zz-component of the saturated hydraulic conductivity tensor = 9.00 x 10" cm/s 
yy-component of the saturated hydraulic conductivity tensor = 0 cm/s 

2. Material type = clay layer 
porosity = 0.45 
xx-component of the saturated hydraulic conductivity tensor = 9.00 x 10"5 cm/s 
zz-component of the saturated hydraulic conductivity tensor = 9.00 x 10'5 cm/s 
yy-component of the saturated hydraulic conductivity tensor = 0 cm/s 



122  USACERLTR-97/136 

Appendix Y: LEWASTE Grids. 
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APPENDIX 26 

LEWASTE 24C 
Time = 28.1 Years 
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LEWASTE 24C ENLARGED 
TIME = 28.1 YR 
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LEWASTE 51C 
TIME = 28.1 YR 

O 
o o 

o 
o 
MD 
O 
co 
oo 

"O r—> 0 0 0 O 
^O CO ^0 M- CN O mz. r-, 0 0 O O 
io O 0 O O 
50 0 0 0 O c 

1 *!■ 
79 N 



126 USACERLTR-97/136 

LEWASTE 53C ENLARGED 
TIME = 28.1 YR 

O 
O 

T3 

o 

o 
CO 
o o 

c o 
CN O c c o c 

80 N 

X 
A 

->- 



USACERLTR-97/136 127 

USACERL DISTRIBUTION 

Chief of Engineers 
ATTN: CEHEC-IM-LH (2) 
ATTN: CEHEC-IM-LP (2) 
ATTN: CERD-L 

CECPW 22310-3862 
ATTN: CECPW-E 
ATTN: CECPW-FT 
ATTN: CECPW-ZC 

US Army Engr District 
ATTN: Library (40) 

US Army Engr Division 
ATTN: Library (11) 

HQ XVIII Airborne Corps 28307 
ATTN: AFZA-DPW-EE 

US Army Materiel Command (AMC) 
Alexandria, VA 22333-0001 
ATTN: AMCEN-F 
ATTN: AMXEN-C 61299-7190 

Installations: (20) 

National Guard Bureau 20310 
ATTN: NGB-ARI 

US Military Academy 10996 
ATTN: MAEN-A 
ATTN: Facilities Engineer 
ATTN: Geography & Envr Engrg 

Naval Facilities Engr Command 
ATTN: Facilities Engr Command (8) 
ATTN: Engrg Field Divisions (11) 
ATTN: Public Works Center (8) 
ATTN: Naval Constr Battalion Ctr 93043 
ATTN: Naval Facil. Engr. Service Ctr 93043-4328 

US Gov't Printing Office 20401 
ATTN: Rec Sec/Deposit Sec (2) 

Defense Tech Info Center 22060-6218 
ATTN: DTIC-0 (2) 

191 
8/97 

FORSCOM 
Forts Gillem & McPherson 30330 

ATTN: FCEN 
Installations: (20) 

TRADOC 
Fort Monroe 23651 
ATTN: ATBO-G 

Installations: (20) 

FortBelvoir 22060 
ATTN: CETEC-IM-T 
ATTN: CETEC-ES 22315-3803 
ATTN: Water Resources Support Ctr 

USA Natick RD&E Center 01760 
ATTN: STRNC-DT 
ATTN: AMSSC-S-IMI 

US Army Materials Tech Lab 
ATTN: SLCMT-DPW 02172 

HQUSEUCOM 09128 
ATTN: ECJ4-EN 

CEWES 39180 
ATTN: Library 

CECRL 03755 
ATTN: Library 

USA AMCOM 
ATTN: 
ATTN: 
ATTN: 

Facilities Engr 21719 
AMSMC-EH 61299 
Facilities Engr (3) 85613 

USAARMC 40121 
ATTN: ATZIC-EHA 

Fort Leonard Wood 65473 
ATTN: ATSE-DAC-LB (3) 
ATTN: ATZT 
ATTN: ATSE-CFLO 
ATTN: ATSE-DAC-FL 
ATTN: Australian Liaison Office 

Military Dist of WASH 
Fort McNair 

ATTN: ANEN-IS 20319 

US EPA, Region V 
ATTN: AFRC-ENIL-FE 60561 

US Army Environmental Center 
ATTN: SFIM-AEC-NR 21010 
ATTN: SFIM-AEC-CR 64152 
ATTN: SFIM-AEC-SR 30335-6801 
ATTN: AFIM-AEC-WR 80022-2108 

This publication was reproduced on recycled paper. 


